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THURSDAY, MARCH 20, 1958 


Untrep States SENATE, 
SUBCOMMITTEE ON IRRIGATION AND RECLAMATION 
OF THE CoMMITTEE ON Ly TERIOR AND INSULAR AFFAIRS, 
Washington, D. C. 


The subcommittee met at 10:10 a. m., pursuant to notice, in room 
924, Senate Office Building, Hon. Clinton P. Anderson (chairman of 
the subcommittee) presiding. 

Present: Senator Anderson. 

Present also: Senators Kuchel and Case. 

Senator ANnperson. The Subcommittee on Irrigation will be in 
order. 

At this point in the record I will order to be printed Senate Joint 
Resolution 135 and 8. 3370, together with the reports of the depart- 
ments on these bills. 

(S. J. Res. 135, S. 3370, and the reports of the Departments of Agri- 
culture and Interior, the Bureau of the Budget, and the Department 
of the Navy are as follows:) 


[S. J. Res. 135, 85th Cong., 2d sess. ] 


JOINT RESOLUTION Providing for the construction by the Department of the Interior 
of a full-scale demonstration plant for the production, from sea or other saline waters, 
of water suitable for agricultural, industrial, municipal, and other beneficial consump- 
tive uses 


Resolved. by the Senate and House of Representatives of the United States of 
America in Congress, assembled, That the Secretary of the Interior shall, pur- 
suant to the provisions of the Act of July 3, 1952 (66 Stat. 328), as amended, 
and in accordance with this joint resolution, provide for the construction of a 
full-scale demonstration plant for the production, from sea or other saline 
waters, of water suitable for agricultural, industrial, municipal, and other bene- 
ficial consumptive uses, through the utilization of the ionic-membrane process, 
or one of the three most promising saline-water conversion processes currently 
under study in the Department of the Interior. A decision with respect to the 
process to be utilized in such plant shall be made by the Secretary within six 
months after the date of approval of this joint resolution, and the construction 
of such plant shall proceed as rapidly thereafter as is practicable. 

Sec. 2. There are authorized to be appropriated such sums not in excess of 
$10 million as may be necessary to carry out the provisions of this joint reso- 
lution. 


[S. 3370, 85th Cong., 2d sess.] 


A BILL To amend the Act of July 3, 1952, to provide for the construction by the Depart- 
ment of the Interior of two pilot plants for the production, from sea and brackish 
waters, of water suitable for agricultural, industrial, municipal, and other beneficial 
consumptive uses 


Be it enacted by the Senate and House of Representatives of the United 
States of America in Congress assembled, That the Act entitled “An Act to 
provide for research into and development of practical means for the economical 
production, from sea or other saline waters, of water suitable for agricultural, 
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industrial, municipal, and other benefificial consumptive uses, and for other 
purposes,” approved July 3, 1952 (42 U. 8S. C. 1951-1958), is amended by in- 
serting at the end thereof a new section as follows: 

“Seo. 9. (a) As part of the program authorized in this Act the Secretary 
of the Interior shall provide for the construction and operation of two pilot 
plants for the production of water suitable for agricultural, industrial, municipal, 
and other beneficial consumptive uses, through the utilization of the most 
promising saline-water conversion processes currently under study in the De- 
partment of the Interior. One such plant shall be located in the proximity of an 
ocean and shall be designed to treat sea waters and one such plant shall be 
located in the northern Great Plains and shall be designed to treat brackish 
inland waters. A decision with respect to the process to be utilized in each 
plant shall be made by the Secretary as soon as practicable after the effective 
date of this section, and the construction of such plant shall proceed as rapidly 
thereafter as is practicable. 

“(b) The Secretary of the Interior is authorized to receive for the purposes 
of this Act such donations or contributions of funds, real and personal property 
as may be tendered by States, foundations, or individuals as in his judgment will 
be beneficial. 

“(c) In addition te the sums authorized in, and without regard to the pro- 
visions of, section 8 of this Act, there are authorized to be appropriated such 
sums not in excess of $10,000,000 as may be necessary to carry out the pro- 
visions of this section, including necessary administrative expense.” 


DEPARTMENT OF AGRICULTURE, 
Washington, D. C., February 19, 1958. 
Hon. CLinton P. ANDERSON, 
Chairman, Subcommittee on Irrigation and Reclamation, 
Committee on Interior and Insular Affairs, 
United States Senate. 


Deak SENATOR ANDERSON: Your inquiry of February 6 pertaining to brackish 
irrigation waters was referred to the Agricultural Research Service, and they 
have responded with pertinent information. 

There are 27 million acres of irrigated cropland in the 17 Western States. 
The prevalence of salinity and alkali constitutes a continuing hazard to crop 
production on about half of the acreage. On about one-quarter of this acreage, 
salinity and alkali are continuing to result in crop failures or uneconomic yields. 
For example, this problem is serious in the Imperial and San Joaquin Valleys of 
California, the Salt River Valley of Arizona, the Mesilla Valley of New Mexico, 
the lower Rio Grande Valley of Texas, the Arkansas Valley of Kansas, the Red 
River Valley of North Dakota, the San Luis and Gunnison Valleys of Colorado, 
the Snake River Valley of Idaho, the Yakima Valley of Washington, the Great 
Basin of Utah, as well as many other irrigated areas. 

The United States Salinity Laboratory of the Agricultural Research Service is 
engaged in studying the salinity and alkali problems of the irrigated soils of the 
West. The scientists in this laboratory have developed and assembled an 
appreciable body of data on the subject and have published this information as 
Agriculture Handbook No. 60. A copy of this handbook is submitted herewith. 

It is particularly germane to your question on the effects of brackish waters on 
soils that you refer to the digram on page 80 of this book. Thus, it may be seen 
that irrigation waters having an electrical conductivity above 750 micromhos/cm. 
earry a salinity hazard to crop production in the arid West. It has become 
conventional practice in the West to measure salinity of water in terms of electri- 
eal conductivity. Some people are more familiar with the terms “parts per 
million.” The chart on page 71 shows that water with an electrical conductivity 
of 750 micromhos/cm. contains about 500 parts per million of dissolved solids. 

This indicates that irrigation water does not have to carry very much dissolved 
salt to constitute a salinity hazard to the irrigated soils of the West. 

Another point that must be kept in mind in judging the effect of water on soils 
is the content of sodium in the water with respect to calcium and magnesium. 
This consideration is called the sodium-adsorption ratio. As shown by the dia- 
gram on page 80, water carries an alkali hazard to soils (excessive exchangeable 
sodium) if the sodium-adsorption ratio (SAR) exceeds 10. Sea water has an 
SAR of 55. Sea water diluted to one-twentieth of normal concentration with no 
alterations in ionic proportions results in an SAR of 12. 





SALINE WATER CONVERSION 3 


The question immediately arises as to what alteration a given desalinization 
process would have on the initial ionic proportions in the water. There is a 
good possibility that the relative proportion of sodium would increase on desal- 
inization. Such an effect would enhance the alkali hazard of the desalinized 
water to soil. 

Agriculture Handbook No. 60 contains much technical information on the sub- 
ject of your inquiry. If you have further questions concerning the technical 
data, qualified authorities in the Agricultural Research Service would be glad to 
discuss the subject further. 

Sincerely yours, 
True D. Morse, Under Secretary. 





DEPARTMENT OF THE INTERIOR, 
OFFICE OF THE SECRETARY, 
Washington, D. 0., March 19, 1958. 
Hon. JAMES B. MuRRAy, 
Chairman, Committee on Interior and Insular Affairs, 
United States Senate, Washington, D. C. 


Dear SENATOR MurrAy: This responds to your requests for the views of this 
Department on Senate Joint Resolution 135, a joint resolution providing for 
the construction by the Department of the Interior of a full-scale demonstration 
plant for the production, from sea or other saline waters, of water suitable for 
agricultural, industrial, municipal, and other beneficial consumptive uses, and 
S. 3370, a bill to amend the act of July 3, 1952, to provide for the construction 
by the Department of the Interior of two pilot plants for the production, from 
sea and brackish waters, of water suitable for agricultural, industrial, munici- 
pal, and other beneficial consumptive uses. 

Senate Joint Resolution 135, if enacted, would authorize the Secretary of the 
Interior to construct a full-scale demonstration plant for the production, from 
sea or other saline water, of water which would be suitable for agricultural, 
municipal, and other beneficial uses. It would provide that the Secretary shall 
decide on the plant to be constructed within 6 months after the date of the 
approval of the joint resolution, utilizing either the ionic-membrane process or 
1 of the 3 most promising processes currently under study in the Department 
of the Interior. The appropriation of not to exceed $10 million to carry out 
the purpose of the joint resolution would be authorized. 

If it is enacted, S. 3370 would authorize the construction of 2 pilot plants at 
a cost of no more than $10 million, 1 such plant to be located near an ocean 
and be designed to treat sea water, and the other plant to be located in the 
northern Great Plains and to be designed to treat brackish water. It would 
also authorize the use of donations or contributions of funds or property for 
these purposes. 

The act of July 3, 1952 (66 Stat. 328), authorized the appropriation of $2 
million to enable the Department of the Interior to carry on, through contracts 
with private scientists and engineers, educational institutions, scientific or- 
ganizations, and engineering firms, a 5-year research program looking to “the 
development of practicable low-cost means of producing from sea water, or 
other saline waters, water of a quality suitable for agricultural, industrial, 
municipal, and other beneficial consumptive uses * * *.” This basic authority 
was amended by the act of June 29, 1955 (69 Stat. 198), to extend the life of 
the program to 10 years for active research with 2 additional years to complete 
existing research projects and 3 additional years to correlate data and publish 
results; to increase the maximum authorization for the program to $10 million, 
and to permit the expenditure of not more than $500,000 for research to be 
earried on in existing Government laboratories. 

It is evident that the task of developing economically feasible saline water 
conversion processes provides one of the great challenges to American science, 
It is equally evident that the successful attainment of the objectives of this 
Department’s saline water program will ultimately serve the expanding popula- 
tions and new industrial empires of the world as few other achievements can 
do. Within our country, 21 of the 48 States border on the seacoast and contain 
more than 55 percent of our population and 65 percent of our industries. Fur- 
thermore, the scarce remaining supplies of fresh water in many of our inland 
areas can be augmented very substantially if the brackish waters there 
can be desalted economically. Both in America and elsewhere, successful 
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processes for conversion of sea or brackish water could render many water- 
poor areas productive and prosperous. Within friendly countries outside the 
United States, there are many regions lacking adequate sources of fresh water 
which might be supplied from desalted sea or other salty sources. Some of 
these areas are in the Middle Rast, north Africa, Latin America, Spain, Greece, 
Italy, Australia, and even in such countries as Iceland and Ceylon. 

Certainly, the present program of research and development being carried 
out by the Office of Saline Water of this Department shows what can be done 
in this field and points the way to future potentialities of a continuing and 
broader effort. Our goal to the present time has been, and still will be, to en- 
courage basic research and the exploration of various processes, some already 
known and others as they are discovered, in the development of means of pro- 
ducing large-scale facilities which will desalt and demineralize sea and brackish 
waters at the lowest possible cost. Most of the leading scientists in this field 
have joined wholeheartedly in this program. A good deal of laboratory study 
and research has already taken place and much progress has been made. We 
now have reached a point where several processes have been developed to the 
small pilot-plant stage and should soon enter the medium pilot-plant phase. In 
addition, 1 or 2 other processes which were already in commercial use in 1952, 
even though they involved high-cost operations, have been improved by their 
manufacturers. The Office of Saline Water of this Department is fully familiar 
with these processes and their potentialities. 

From all of this, it is quite evident that the program initiated upon the passage 
of the 1952 act has now reached the stage where, as the next logical step, some 
sponsored research should be moving into more and more pilot-plant testing. To 
this extent, we believe that the purposes of S. 3370 indicate a consistency with 
the continuing aims of our saline-water program. Senate Joint Resolution 135 
speaks in terms of a demonstration plant. As we interpret the phrase, not 
only in the sense in which it applies to scientific research and development 
programs but also in the possible understanding of the public, a demonstration 
plant would refer to any process which has been fully proven in all respects as 
the probable final development of the process and is ready to be demonstrated 
to the public as a final product. In contracts to this, the term “pilot” plant 
is generally considered to be a research facility with which further experimenta- 
tion may be conducted in order to further improve the particular process. 

It is very necessary that the present exploratory research and development 
program, devoted to the stimulation, advancement, and development of new ideas 
and approaches be retained and strengthened, and that the construction and 
operation of any pilot plant should not be interpreted to justify a narrowing of 
the approaches to a small number of processes. While we agree wholeheartedly 
that it is desirable to push forward on the more promising processes as rapidly 
as possible, it will be recalled that the Senate Appropriations Committee heard 
extensive testimony on April 17, 1953, to the effect that the research efforts should 
not be narrowed to 2 or 3 processes. However, we wish to emphasize that this 
new science of saline-water conversion is dynamic and growing. It is one in 
which this country is apparently well ahead of many others. One reason for this 
fact is the policy adopted by this Department of welcoming and exploring every 
new scientifically sound approach. This principle should not be altered by 
concentrating on one or two processes at this time. 

Probably of equal importance is the fact that the Office of Saline Water of the 
Department of the Interior is the crossroads into which the ideas for improved 
processes constantly flow. The limited staff of competent scientists and engineers 
working in this Office receive and screen the ideas which are constantly reaching 
that Office. Combinations among processes now being developed separately by 
private organizations should also be considered to obtain the best practical devel- 
opments at low cost. There is urgent need among individual organizations to 
produce an article for sale so as to repay development costs and earn a reasonable 
profit, oftentimes before the equipment has reached the optimum stage of develop- 
ment. Such processes are often improvements over competitive processes, but 
unfortunately, they fall short of the low-cost goals of our program. 

Among the emerging potentialities for lower cost conversion is the use of low- 
temperature heat derived from nuclear reactions for use in saline-water distilla- 
tion and other conversion plants. Initial calculations by competent engineering 
organizations have shown that such use of nuclear energy, without the expesive 
electric power generation cycle, may be of some advantage. 

Suggestions have been made that cooperation between the Federal and State 
Governments on desalting research and demonstration plants be specifically 
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authorized. The present Saline Water Act already authorizes cooperation with 
any State and at this time the Department has under consideration such coopera- 
tion with the State of California. 

The field of saline water conversion process developments is highly competitive 
and it is of the utmost importance that all contract and other negotiations with 
the public be given extremely careful consideration by completely competent 
technical personnel. One of the significant problems which has been encoun- 
tered is the difficulty in obtaining the few highly trained and qualified scientists 
and engineers required to guide and manage the research and development pro- 
gram within the Department. To provide for an expanded scientific activity, 
or the entry upon a more expensive phase of development, it is necessary that 
sufficient funds be appropriated to carry out the work. In this connection, we 
believe it would be helpful to the committee to have the following schedule of 
requested funds and related appropriations : 


Office of Saline Water 





Fiscal year Budget Appropria- 
| estimate tion 

WI cco aan oak or a em elppinins en cine i ihe teh ante di beeches nares scien | $400, 000 $175, 000 
WOES Ee ok ised neces ce eee deka ecdsuhSaanuslh aeaSnks ethubedethin lacaembeeeee 400, 000 400, 000 
Bs 3S bi hd eae Lei. aI a ea | 400, 000 400, 000 
Us cere con tth «chaithn pein tneitaen 6% aphid > diel Penta = Demglinia aan anges ch eet al 600, 000 600, 000 
er a ee ee ne ee ee eee | 600, 000 550, 000 
Re ie Shke ee ueket GW esate Reed a ck ees Sines sdeeaguckenebebdeksendbes 1, 159, 000 725, 000 
1 785, 000 


TG iiacdcn sca ncieravansepin wan caicintyswsaneekedn kana ee | 825, 000 


House allowance. 


In view of all of the considerations herein discussed, it is our opinion that the 
Department may continue to proceed in this work in an orderly fashion and 
continue with the phase of pilot-plant development under existing authority 
without the enactment of further legislation such as Senate Joint Resolution 135 
and 8. 3370. At the very most it would appear that at some time in the future the 
status of the program may require an amendment of section 8 of the act so as 
to permit the undertaking of development activities which may extend beyond 
the time now permitted or which may require the appropriation of funds in 
excess of the present total authorization. 

In the event the Congress should see fit to enact further legislation specifically 
authorizing pilot-plant operations, we suggest that such legislation should refer 
only to pilot plants and not to demonstration plants, and that the Secretary 
of the Interior should be authorized to determine where such plants should be 
located, when they shall be constructed, and what processes should be developed 
further by such activity. 

The Bureau of the Budget has advised that there is no objection to the sub- 
mission of this report to your committee. 

Sincerely yours, 
Frep G. AANDAHL, 
Assistant Secretary of the Interior. 


EXECUTIVE OFFICE OF THE PRESIDENT, 
BUREAU OF THE BUDGET, 
Washington, D. C., Mareh 21, 1958. 
Hon. JAMES BE. MurRRAY, 
Chairman, Committee on Interior and Insular Affairs, 
United States Senate, Washington, D. C. 


My Dear Mr. CuarrMAN: This is in reply to your letter of January 10, 1958, 
requesting the views of the Bureau of the Budget with respect to Senate Joint 
Resolution 135, providing for the construction by the Department of the Interior 
of a full-scale demonstration plant for the production, from sea or other saline 
waters, of water suitable for agricultural, industrial, municipal, and other bene- 
ficial consumptive uses. 

The Department of the Interior, in the report it proposes to present to your 
committee on Senate Joint Resolution 135 and on S. 3870, a related bill, states 
that existing legislative authority is sufficient to permit orderly continuation of 
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the research program now being carried on by the Office of Saline Water, includ- 
ing the construction of pilot plants. 

The enactment of Senate Joint Resolution 135 would in effect require a con- 
centration of effort on only of the many saline water conversion processes now 
being studied. We do not believe that the program has yet advanced to the stage 
where such a decision can reasonably be made. Therefore, the Bureau of the 
Budget recommends against enactment of the joint resolution. 

Sincerely yours, 
Rosert B. MerrRtam, 
Deputy Director. 


DEPARTMENT OF THE NAvy, 
OFFICE OF THE SECRETARY, 
OFFICE OF LEGISLATIVE LIAISON, 
Washington, D. C., April 2, 1958. 
Hon. JAMES E. Murray, 
Chairman, Committee on Interior and Insular Affairs, 
United States Senate, Washington, D.C. 


My Dear Mr. CHAIRMAN: Your request for comment on Senate Joint Resolu- 
tion 135, providing for the construction by the Department of the Interior of a 
full-scale demonstration plant for the production, from sea or other saline 
waters, of water suitable for agricultural, industrial, municipal, and other bene- 
ficial consumptive uses, has been assigned to this Department by the Secretary 
of Defense for the preparation of a report thereon expressing the views of the 
Department of Defense. 

The purpose of Senate Joint Resolution 135 is to direct the Secretary of the 
Interior to provide for the construction of a full-scale demonstration plant for 
the production of usable water from sea or other saline waters, using one of 
three conversion processes currently under study in the Department of the In- 
terior. The resolution further provides that the Secretary of the Interior shall 
make the determination as to which process shall be utilized within 6 months 
after the date of approval of the resolution and authorizes an appropriation not 
in excess of $10 million. 

The Department of the Navy, on behalf of the Department of Defense, defers 
to the views of the Department of the Interior. Although the bill imposes no 
duties or responsibilities upon the Department of Defense, a practical means of 
producing fresh water from salt water would be of great benefit to the armed 
services. 

This report has been coordinated within the Department of Defense in ac- 
eordance with procedures prescribed by the Secretary of Defense. 

The Department of the Navy has been informed by the Bureau of the Budget 
that there is no objection to the submission of this report on Senate Joint Reso- 
lution 135 to the Congress. 

Sincerely yours, 
E. C. STEPHAN, 
Rear Admiral, United States Navy, 
Chief of Legislative Liaison 
(For the Secretary of the Navy). 


ADDITIONAL SPONSORS FOR SENATE JOINT RESOLUTION 135 


(Senator Anderson subsequently directed that a statement he made 
on the floor of the Senate on Tuesday, April 1, relating to S. J. Res. 
135, be inserted in the record of the hearings. The material is as 
follows :) 


SALINE WATER ]PEMONSTRATION PLANTS AND THE NATION’S WATER PROBLEM 


Mr. President, I ask unanimous consent that the distinguished junior Senator 
from South Dakota [Mr. Case] and the distinguished junior Senator from 
California [Mr. Kuchel] be added as cosponsors with me of Senate Joint Reso. 
lution 135 providing for the construction by the Department of the Interior of 
a full-scale demonstration plant for the production from the sea or other saline 
waters, of water suitable for agricultural, industrial, municipal, or other bene- 
ficial consumptive uses. 
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Hearings were held on the joint resolution on March 20-21 by the Subcom- 
mittee on Irrigation and Reclamation of the Senate Committee on Interior and 
Insular Affairs. I have the honor to be chairman of the subcommittee. 

The hearings developed the urgency of the need for expediting demonstra- 
tions of the most economical processes for desalting sea water for the benefit 
of coastal cities where population and industry requirements for water are 
mushrooming. This is particularly true of southern California coastal cities. 

No less pressing are the need for demonstrating the most economical means 
of treating brackish water in the Nation’s interior areas for municipal, agricul- 
tural, and industrial uses. 

We were somewhat taken aback by the unwillingness of the Department of the 
Interior and the Bureau of the Budget to recognize the need for early solution 
of the problems involved in demonstrating the most economical methods of 
turning vast water resources to potable uses. However, we believe when the 
facts developed at the hearings are read and digested, delaying tactics will be 
obliterated and greater support will come from all sources. 

We expect early consideration of Senate Joint Resolution 135 by the Com- 
mittee on Interior and Insular Affairs with a view to laying the problem before 
the Senate in the form of an amended resolution. 

That the Senate may have a concise view of the Nation’s water problem, 
Tt ask unanimous consent to insert at the conclusion of my remarks a tabulation 
prepared from official sources of past, present, and future water consumption 
in the several categories of major uses. The tabulation was prepared by the 
Corps of Engineers, United States Army, from a Department of Commerce 
report in 1956. The material referred to is as follows: 

















Daily average per capita water use (gallons) 
United States ee 
population | ae 
Industrial | Agricultural Domestic Total 
| aa 
1900. _ 75, 994, 575 | 197 | 286 66 529 
1910__- eat 91, 972, 266 223 424 7 722 
Mgrs acy 1am, 720 8 | 265 | 529 7 874 
We ee hh las 122, 775, 046 321 490 89 900 
Wa 131, 669, 275 | 389 539 100 | 1,029 
ESAT 150, 697, 361 560 664 124 1, 348 
eet Ss Pete fet 176, 100, 000 849 766 159 1,774 
1970... __- Fog ene ei Be 196, 300, 000 1,074 | 810 177 2, 061 
Wee. emt: 77} 206, 600; 000 | 1, 198 | 821 179 2; 193 





NotEe.—Computed from data presented in Department of Commerce Bulletin BSB-136 dated January 
1956 


Senator Anperson. The hearing today and tomorrow was called to 
consider Senate Joint Resolution 135, which I sponsored, to authorize 
the Secretary of the Interior to provide for the construction and 
operation of a full-scale demonstration plant for the production, 
from sea or other saline waters, of water suitable for agricultural, 
industrial, and municipal or other beneficial consumptive uses. 

In addition, we will also consider S. 3370, sponsored by Senator 
Case, of South Dakota, which has the same objective with one ad- 
dition : 

Senator Case would provide for a demonstration plant in the 
Great Plains area for the treatment of brackish water. 

Senator Ci ase, I mentioned the fact that we would consider your bill 
370. I was in the process of saying I hoped you would 
be here as much as you could during the hearing, “subject to your other 
commitment. I was hopeful that any final bill which would emerge 
would carry the suggestion which you have made for a plant in the 
Great Plains area for the treatment of brackish water. 

Senator Case and I have been interested in weather modification 
for a long time, and we found that we were very much interested 
in this field, as well. 
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I am very hopeful that these two projects can work along to- 
gether. 

In announcing the hearings, in a news release, we stated that three 
subjects would be considered in connection with the problem that Sen- 
ate Joint Resolution 135 seeks totackle. These are: 

1. Desalting sea water in sensitive coastal areas like Los Angeles, 
Calif., perhaps, in cooperation with State and local agencies. 

2. Demineralization of brackish waters in the interior for irriga- 
tion, industrial, and domestic purposes. 

3. Providing adequate potable water for the Virgin Islands, an 
insular American possession in the Caribbean, through a utilitarian 
multiple purpose sea water conversion plant. 

In a letter to the Secretary of the Interior, Honorable Fred A. 
Seaton, on February 4 I outlined the scope of the hearings. 

Previously, on January 10, Chairman Murray had requested for- 
mally a report on Senate Joint Resolution 135 from the Department 
and the Bureau of the Budget. 

Subsequently, on February 10, I again wrote the Secretary out- 
lining certain information which the Department was requested to 
provide on four fronts: 

1. Office of Saline Water on its operations since the program was 
established in 1952—nearly 6 years ago. 

2. Geological Survey on the Nation’s water supply, uses, and needs. 

3. Bureau of Reclamation with respect to effect of alkali and other 
minerals on irrigation water and the Federal investment in recla- 
mation. 

4. Division of Territories with respect to critical water problems 
on St. Thomas, V. I. 

We had hoped to have this information so that it could be made 
available for perusal in a committee print before the hearings today. 

In the absence of receipt of the material by March 8, when re- 
quested, a committee print was issued on March 14, outlining the 
scope of the hearings today and tomorrow. This committee print will 
be incorporated in the record by reference. 

Secretary Seaton had advised us by letter that he would be present 
in person to present the Department’s views on Senate Joint Resolu- 
tion 135. Since he is from the West, is a former Senator, and a very 
good one, and former White House aide, we had loked forward to his 
appearance. 

On Tuesday last, the Secretary phoned me personally from Ne- 
braska to say that a change in his schedule made it impossible for him 
to be present today. He expressed deep regret and assured me of his 
intense interest in the saline water program. 

He stated that Assistant Secretary Aandahl would present his per- 
sonal views, as well as the official position of the Department. 

We have had Governor Aandahl before the committee on other 
problems. He is former Governor of North Dakota and a former 
Member of the House of Representatives who knows western water 
problems. 

I would put into the record at this point the letter of the Secretary 
of the Interior dated March 19, expressing regret that his personal 
requirements required him to go farther instead of returning to the 
East. 
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THE SECRETARY OF THE INTERIOR, 
Washington, D. C. March 19, 1958. 
Hon. CLINTON P. ANDERSON, 
Chairman, Subcommittee on Irrigation and Reclamation, 
United States Senate, Washington, D. C. 

DEAR CLINT: Thank you for so graciously excusing me from my intended 
appearance before your subcommittee on March 20. As I told you when I called 
from Omaha yesterday, personal duty and travel commitments have risen which 
require me to be present elsewhere at the time you have your hearings on the 
saline-water program. 

Assistant Secretary Fred G. Aandahl, will be present at the hearing with 
several members of his staff. In addition, I am informed that the Department’s 
reports on the saline-water bills pending before your subcommittee have been 
cleared by the Bureau of the Budget and will be submitted immediately. The 
technical information you requested has already been mailed to the subcommittee. 

Please be assured of my continuing interest and cooperation in this and other 
matters of mutual concern. 

Sincerely yours, 
FRED A. SEATON, 
Secretary of the Interior. 


In order that we m: Ly get the hearing underway, I emphasize this 
observation: In my opinion, a demonstrable solution to the saline and 
brackish water problem is the most important objective in the field of 
water development that has confronted this country since the enact- 
ment of the reclamation law in 1902. 

Several bills relating to a saline-water demonstration program have 
been introduced in the House of Representatives. 

I have a statement from the distinguished senior Senator from 
California, Mr. Knowland, which will be inserted later in the record. 

(The document referred to appears on p. 51.) 

I have a statement from the Honorable Clair Engle, chairman of 
the House Committee on Interior and Insular Affairs, which will be 
incorporated in the record at this point. He is the sponsor of H. R. 
10606. 

We have received a statement from the Honorable James Roosevelt, 
Representative from the State of California, which also will be placed 
in the record at this point. 

(The two statements referred to are as follows :) 


STATEMENT OF HON. CLAIR ENGLE, A REPRESENTATIVE IN CONGRESS FROM THE 
STATE OF CALIFORNIA 


Mr. Chairman, I appreciate very much this opportunity to make a statement to 
your subcommittee on this very important legislation, to provide for construction 
of a demonstration plant to convert saline or salt water to fresh water. I am 
very much interested in the saline-water program, having authored the basic 
Saline Water Act of 1952 and the 1955 amending legislation. As you know, 
Mr. Chairman, I have introduced somewhat similar legislation in the House 
which I hope my committee will consider in the near future. I am sure that you 
and I are in full agreement with respect to the need for this legislation and the 
objective of advancing this most important research program. Therefore, I 
know that we can agree on final language which Congress will approve. 

I congratulate you, Mr. Chairman, on your personal interest in the saline-water 
research program and on all that you have contributed to the program to date. 
I recall our discussions, Mr. Chairman, about 3 years ago in the conference com- 
mittee considering an amendment to the basic Saline Water Act of 1£52. We 
were both hopeful at that time that the amending legislation which we enacted 
would result in a speedup in this research program for finding ways and means 
of economical conversion of saline or sea water. Although progress has been 
made under this program, I have been disappointed that the results have not 
been more favorable. I had hoped for a breakthrough in the reduction of con- 
version costs but, after over 5 years of research under the Department’s program, 
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no major breakthrough is indicated. It has become pretty clear that conversion 
of salt water for agricultural purposes will not be economically feasible for a 
long time. There is hope in the not-too-distant future of economical conversion of 
brackish water for agricultural purposes in some areas, and conversion for 
municipal and industrial use in areas that outgrow their available sources of 
supply, provided we move forward with a positive research and testing program. 

In my opinion, the Department has not given this program the emphasis or the 
degree of urgency it deserves. Although it is true that we must make better and 
more efficient use of available water from natural sources before looking to salt 
water conversion, we must remember that in this field of water supply we must 
think in terms of expected needs 20, 30, or even 50 years in the future. There are 
areas where the exhaustion of available sources can be foreseen and in these 
areas the importance and urgency of speeding up this research program becomes 
obvious. 

The question now is how to best advance the overall research program. While 
I believe that we should continue basic research in this field, it seems to me 
that the time has come when we should get into the “demonstration plant’ phase 
with some of these processes. In this way, we could look to gradual cost reduc- 
tions through improvement in efficiency, reductions in capital and operating costs, 
ete. I have come to this conclusion because there is no indication of any major 
breakthrough or sudden advance in technology which might bring about large 
reductions in cost of conversion. I am afraid that if we wait for an indication 
on such a major breakthrough, the critical water needs in some areas are going 
to catch us unprepared. It seems to me that the expenditure involved in this 
legislation is rather insignificant, considering that water is rapidly becoming 
one of the Nation’s most important problems. 

I noticed, Mr. Chairman, that one of the approaches listed in your announce- 
ment of these hearings related to desalting of sea water in coastal areas in 
cooperation with State and local agencies. I was particularly interested in this 
because it constitutes the major difference between your bill, on which these hear- 
ings are being held, and the bill I have introduced. In my opinion, the State of 
California has a greater interest in this program than any other State or area 
of the Nation at the present time simply becuse the water situation there is 
more critical and because California’s future economy depends so heavily upon 
an adequate supply of water. The California Department of Water Resources 
has a special unit working in this field and several committees of the California 
Legislature are also studying the matter. For this reason, it seems to me that 
a joint venture between the Federal Government and the State of California 
would be appropriate, with the cost being borne equally between the two. I 
believe that the State of California is able and willing to join the Federal Gov- 
ernment in this undertaking, and I expect complementary legislation to be 
introduced in the State legislature. 

While my legislation is pointed more to large-scale conversion of sea water, I 
realize that conversion or demineralization of brackish water is just as impor- 
tant, especially in inland areas such as your State, Mr. Chairman. Since our 
research indicates that certain processes lend themselves to demineralization 
of brackish water, while others are especially designed for salt- or sea-water 
conversion, it would seem to me that the committee may want to consider author- 
izing demonstration plants in each of these fields. 

With the tremendous and continuing increase in water needs in this country, 
and the growing dependence in many areas on the availability of water to main- 
tain the economy, it seems to me that this program of finding ways and means of 
economically converting salt or saline water to fresh water is an urgent one. 
Critical water shortages already can be foreseen in some areas. It will take many 
years to construct and complete the testing of one of these demonstration plants 
after the construction is authorized, and, in my opinion, we cannot afford to wait 
longer in getting started in this phase of the saline water research program. Mr. 
Chairman, I want to make one point very clear. In pushing this program for- 
ward, we are looking to that time in the future when available natural sources of 
water have been exhausted in spite of our best efforts toward better and more 
efficient use thereof. Salt-water conversion cannot be considered as an alternative 
to developing available natural sources. The limiting cost factors involved in 
conversion make this very clear. Therefore, this research and testing program 
should not affect in any way the continuing studies and planning for development 
of our existing water resources. 
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I congratulate the committee and you personally, Mr. Chairman, for this posi- 
tive approach to advancing this very important program. I will be interested in 
the testimony developed here and the committee’s conclusions. I hope that legis- 
lation will be favorably reported. I hope also that the committee will give con- 
sideration to including authority for a joint venture between the Federal 
Government and the State of California and that you will spell out in some detail 
directions for the Department to follow. 

Again, Mr. Chairman, I want to thank you for giving me this opportunity to 
make a statement. 


STATEMENT OF Hon. JAMES ROOSEVELT, A REPRESENTATIVE IN CONGRESS FROM 
THE STATE OF CALIFORNIA 


Mr. Chairman and members of the committee, it is indeed an honor to have this 
opportunity to submit my views to you on the legislation before you—legislation 
which I believe to have not only compelling intrinsic value but also enormous 
potential for benefit to the water poor of the world. There can be no more des- 
perate poverty than this. And, yet, the evidence is all around us that water, that 
resource so precious that it has determined the very course of civilizations, is 
in cold fact in such short supply that in some areas in this country water famine 
is almost inevitable. 

As a nation, we consume 250 billion gallons of water a year. It is estimated 
that by 1975 our water consumption will have doubled. The director of the De- 
partment of Water Resources of California estimates that unused water resources 
necessary to support the southern part of the State will last 8 to 10 years. South- 
ern California is not unique. Areas on the east cost, the gulf coast, and wide 
stretches of the interior face the same threat. The thousand communities which 
last year were forced to ration water are ample evidence that the forerunner 
of the threat is with us now. 

We must face the inescapable fact that water as a national resource is not 
limitless, as it once appeared to be. And we must further face up to our respon- 
sibility to do something now to prepare for the day when we will be forced, 
whether we like it or not, to meet the crisis of water shortage. While an effective 
program of conservation and water reuse is a vital basis for a long-term solution 
to the problem, it seems clear to me that supplementary water sources to those 
now found naturally are urgently needed. 

The resolution now before you offers, in my opinion, the most realistic, practical, 
and even exciting answer to the question of what to do to develop new, untapped 
water sources. Because I believe so strongly that the conversion of saline water 
to fresh water is the answer, I have introduced in the other body a resolution 
substantially the same as that of Senator Anderson, and for the same purpose. 

I have done this, and appear before you today, because I believe that we have 
now had ample demonstration that saline-water conversion is an operating fact, 
not only on the basis of pilot projects which have grown out of laboratory 
research, but in growing parts of the world as an economically feasible method of 
supplying water. 

We know that at Kuwait, on the Persian Gulf, distillation plants are daily 
converting 5 million gallons of high salt content sea water to fresh water. 
Elsewhere in scattered parts of the world the miracle of pure water from the 
sea is taking place. And in an area that is water-starved, the impact of ma- 
chines that will turn out pure water to replace the sparse, semibrackish natural 
supply can be enormous. 

Apart from our own water needs, it is those areas of the world which are 
in the most crucial positions in the battle for favor between East and West that 
coincidentally stand to benefit most from a practical method of converting saline 
water. We are spending millions on our foreign-aid programs in the Middle 
East and are continually engaged in an almost desperate search for means to 
establish and cement pro-Western attitudes in this vital part of the world. So 
far our success has been less than overwhelming. If, however, we can put into 
operation in this country large-scale water-conversion plants, utilizing the best 
methods that have so far been developed, we can demonstrate to the world 
that the United States is putting its technology behind a program that can truly 
be applied to the welfare of the people themselves. The down-to-earth impres- 
sion that an American “wetnick” would make will far outshadow the glory that 
sputnik garnered for Russia. 


23642—58——-2 
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In urging a favorable report for this measure I do not mean to imply that the 
research and development phase of saline water conversion should be considered 
ended. Far from this, I believe that the work of the Saline Water Department 
must be continued and augmented at this basic level, in order to guarantee the 
broad foundation that will continue to develop and improve the product, or 
culmination of the research program. 

I would like to take this opportunity to submit to the committee that they 
consider, in addition to the establishment of demonstration plants, studies in 
connection with the plants to evolve the most practicable methods for the dis- 
tribution of water once it is produced. Saline water conversion is a unique 
method for producing water in the quantity which this resolution assumes, and 
I believe will give rise to unique distribution problems that must be realistically 
met. 

If these two matters can be considered together, I believe that the passage 
of Senator Anderson’s resolution will mark the beginning of a vast expansion 
of our economic potential, be a contribution to the solution of our economic prob- 
lems, and forge yet another link in the contribution of our country to the peaceful 
welfare of mankind. 

Senator Anprerson. Senator Case, we are happy that you are here 
this morning. If you have a statement, I will be pleased to have you 
as the first witness. 


STATEMENT OF HON. FRANCIS CASE, A UNITED STATES SENATOR 
FROM THE STATE OF SOUTH DAKOTA 


Senator Case. Mr. Chairman, I do appreciate the opportunity to 
be here and participate in these hearings with you on Senate Joint 
Resolution 135 and 8. 3370. 

As I told you when I saw you on the Senate floor one day, I was 
going to plagiarize a little bit from your bill and use it as a foundation 
for putting in an addition for the purpose of getting actual operating 
plants large enough to give us the information necessary for the trans- 
lation into practical field operations of the desalting equipment. 

The bill which I introduced is supplementary, you might say, to 
yours. I thought of approaching it by making an amendment to the 
basic water act and to make clear that the administrative funds avail- 
able to that unit within the Department of Interior would be available 
for working on this plant development. 

That is perhaps a little technical. The principal addition I wish 
to make was to provide authority for establishing a plant in the inland 
areas where it could deal with brackish waters such as are found in 
the Great Plains country, particularly the northern Great Plains. 

The amount of water or the seriousness of the problem perhaps is 
more apparent where you have coastal cities, but for the people who 
live in the Great Plains area where they have alkali or brackish 
water, it is a very real problem, although perhaps not affecting in 
any one place as many people as in the large cities. 

I think for the purpose of this hearing and for the benefit of the 
people present, I need say nothing in regard to the importance of 
finding new sources of supply of water. 

Our use of water has quadrupled since the turn of the century while 
our population has been doubling. 

So on per capita basis we are using at least twice as much water per 
capita and with the increasing population we have a water demand 
four times what we had at the beginning of the century. That means 
that we have to take new sources. 
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In addition to that, we have different types of needs. So that the 
problem grows in importance every year. 

Senator Anperson. Would you not say, Senator Case, that there 
is hardly any facet of our present life that does not call for additional 
supplies of water? We put in air-conditioning units and start using 
more water. We develop all sorts of new devices in our homes, dish- 
washers, garbage-disposal units; they all use water. 

We face not only the great population increases which seem to be 
ahead of us, but we face the fact that each one of these people will use 
far more water than the past generation used. 

I am glad that you have mentioned the fact that these people who 
live in the Great Plains area, particularly the northern Great Plains, 
may not use as a great municipality located in other parts of the 
country, but their need is just as great and to them it is as serious a 
problem as any other. 

Go right ahead. 

Senator Casr. The Government itself has a considerable stake in 
this matter because many of its projects which store water today are 
faced by the problem of a growing salinity as the water is used in 
connection with certain soils. 

Of course, in my State we have had the experience where one large 
dam was constructed, was completed some years ago, but the intended 
use of it is handicapped because of the fear that it carries some salt 
and would leach out others on the land to which it would be applied; 
so it has not been returning to the Government the benefits that were 
expected or anticipated when it was built. 

Another project was stopped before the dam was built, but after 
a considerable amount of money had been spent. 

I am not criticizing the Bureau of Reclamation for stopping work 
on that dam. It probably was wise not to proceed with the second 
dam until we knew some solution to the water problem, but it does 
mean that we have made investments where the returns would be in- 
creased if we had an answer to the water problem. 

Just because I think it may be a bit of a shock to some of the 
people present, I brought along the analysis of a few wells in the 
northern Great Plains area to show what we mean when we speak 
about brackish water, I have a sample of one well, for example, 
where the analysis was made by the South Dakota School of Mines 
and Technology at Rapid City, S. Dak. 

The water came from out on the prairie some 60 or 70 miles east 
of Rapid City. The total dissolved solids were 6,000 parts per 
million. 

The grains per gallon were 349.98. 

The hardness was 121.50. 

The sodium chloride in parts per million was 130.3. 

Sodium sulfate, 2,868.4. 

Calcium sulfate, 1,749.1. 

Magnesium sulfate, 483.9. 

Magnesium carbonate, 332.6. 

Tron—that is, ferric oxide—0.5. 

Silica, 26. 

Volatile and organic matter, 409.2. 

Making total dissolved solids, 6,000. 
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On the grains per gallon the sodium chloride was 7.60. 

Sodium sulfate, 167.31. 

Calcium sulfate, 102.02. 

Magnesium sulfate, 28.23. 

Magnesium carbonate, 19.40. 

Tron, 0.03. 

Silica, 1.52. 

Volatile and organic matter, 23.98. 

That, I think, 1s a factual illustration of the kind of hardness and 
the kind of salts that do exist in these waters. 

Yet with the plant that was placed in Miller, S. Dak., a few years 
ago under the experimental program which the Department conducted 
I saw the plant in operation and tasted some of the water which 
went through the plant. 

Two-thirds of the water put into it came out as salt-free water. 
One-third of it carried away the sludge. 

The water which came out from that—that is, using the ionic proc- 
ess—the water that came out was palatable and easy and safe to drink. 

Senator Anperson. It had been pretty bad previously ? 

Senator Case. I can supply that for the record. 

The actual analysis of Miller water, I have it in here and will supply 
that for the record, Miller was selected by the State board of health 
as representative. 

It was not the worst nor was it the least in salt content, but it was 
selected as an average community and they estimated there that if 
they could get a practical means of desalting the water it would mean 
a great saving to the city itself as well as to the people in heating 

lants and in the use of detergents and other softeners that people 
in the homes were required to use. 

That would be true of a great many towns and cities in the northern 
Great Plains as well as the farms and ranches. That is why I hope 
that as the committee proceeds in the consideration of this idea which 
you have suggested, that we will include a plant in the Great Plains 
area as well as one on the seacoast. 

I thank you, Mr. Chairman. 

I might want to submit some further material or letters for the 
record, and I hope I have your permission to insert them. 

Senator Anperson. We will be very glad to have them. 

(Senator Case subsequently submitted the following :) 


PREPARED STATEMENT OF SENATOR FRANCIS CASE 


The growing needs for water in this country point up the importance of 
finding new sources of supply. There is no question but that our normal 
water resources are diminishing or being contaminated and we must find new 
ways of supplying water to fill the demands made by our growing population. 

When the Congress passed the Saline Water Act in 1952, we provided the 
necessary research program to study and evaluate the methods of converting 
sea water and brackish water to beneficial uses. Probably no program ever 
entered into by the United States Government holds the promise of so many 
benefits for so little investment. 

Seacoast cities that are faced with the need to supply water for expanding 
industrialization would have to look no farther than the sea for their water 
supplies. The program will help to solve the problems of the small towns that 
have iron, magnesium, or sulphur in their water supplies and give thme a po- 
table supply. The program offers hope to the rancher living in an area where 
the only well water he can get is alkaline and brackish, and is poor water for 
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his stock and for his family. Parched desert lands, not only in this country, but 
also in arid countries abroad, could be reclaimed. 

The cost of converting sea or brackish water must be lowered considerably 
before converted water can compete with the maximum prices now paid for 
natural fresh water. To attain this objective, we must keep our program of 
research going forward. 

Mr. Chairman, we have reached the point in saline water research where it is 
time to replace exploratory research in the laboratory with pilot-plant opera- 
tions and field testing of the more promising processes. 

No one appreciates more than I do, Mr. Chairman, the support you and this 
committee have given to research and development in conversion of saline and 
brackish water. I was made more than happy with your introduction of Senate 
Joint Resolution 135, which would authorize a full-scale demonstration plant for 
the production from sea or other saline waters of water suitable for beneficial 
consumptive uses. 

The saline water conversion program has benefits for all sections of the 
country and that is why I introduced §S. 3370. My bill would provide for 
the construction of 2 pilot plants, 1 to be located in the proximity of an ocean 
and designed to treat sea water. The other would be located in the northern 
Great Plains and designed to treat brackish waters. 

The problem of providing adequate water supplies is not limited to any par- 
ticular section of the country and it seems to me that we ought to provide 
the demonstration plants not only for the areas along the coast, but also for 
our inland areas. 


(The following analysis was submitted by Senator Case:) 


ANALYSIS OF BRACKISH WATER AT CERTAIN POINTS IN SoUTH DAKOTA 


Miller: 1,800 parts per million, with 200 parts per million hardness 

Midland: 2,400 parts per million 

Britton: 2,600 parts per million 

Redfield : 2,200 parts per million 

Pierre: Special problem of 26 parts per million of manganese which precipi- 
tated in cast-iron water mains and plumbing and discolors masonry 

Newell: 1,581 parts per million, of which 256.9 is calcium and 934.7 is in sulfate 
(calculated hardness as CaCO; is 934.4 parts per million, with 100 to 150 the 
recommended ) 
Senator Anperson. I see the junior Senator from California is 

here. 


Senator Kuchel, do you have any comments you would like to make. 


STATEMENT OF HON. THOMAS H. KUCHEL, A UNITED STATES 
SENATOR FROM THE STATE OF CALIFORNIA 


Senator Kucuer. Yes, Mr. Chairman. 

First of all, I want to say that the respect I have for the chair- 
man personally and officially has been enhanced by his leadership 
in what could be one of the most romantic and far-reaching develop- 
ments that this country and its economy may ever realize. I can 
remember the chairman in this committee on many occasions in the 
past 6 years speaking of the possibility of bringing to the people of 
this country and to the world water from the sea which would be 
potable and which might well be accomplished more rapidly through 
the use of atomic energy, a subject with which the chairman has been 
intimately acquainted through his chairmanship and his membership 
of the Joint Atomic Energy Committee. 

I have some additional comments here which will not take too long 
which I would like to read into the record. 

The steady and phenomenal growth of population in my own State 
of California, with the expansion of industry in many sections which 
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were formerly rural or agricultural in character, has continued to 
provoke alarm about the porsthality of running out of water. 

I need not indicate the basis for that w idespread apprehension ex- 
cept to say that it is ever present. 

It is a reasonable one, and I think it grows more alarming as we 
continue to receive each year about 500,000 additional new citizens. 

The estimate of future requirement have prompted consideration 
of a variety of measures, notably the complex and arduous long-term 
California water plan which, as the chairman knows, will envisage 
ultimately a cost to the people of California of approximately $11 
billion. 

While alert and responsible agencies and communities are making 
or carrying out concrete plans to improve and expand their present 
water supplies, the great hope is felt that a practical process of con- 
verting ocean water can be developed in time to avert threatened 
shortages and acute overdraft situations. 

Constituents in many parts of my State have urged me, both as in- 
dividuals and in their official capacities, to rar St the’ present re- 
search and development experimentation efforts being carried on by 
the Department of the Interior under the law enacted by the 84th 
Congress which, of course, along with the chairman, I was most glad 
to support. 

There are even today a number of critical situations in my State 
where the method of distilling or otherwise converting ocean YF et 
could bring immediate relief, notably among these is the city of Ave 
lon on Catalina Island. The steady decline in the water level in that 
community storage reservoirs has brought a real state of emergency 
with real restrictions and virtual rationing of water. 

The problem is so real and apprehension for the future so great 
that the head of the city government has written to me urging that 
a pilot plant if at all possible, be constructed on his whole island of 
Catalina where dual benefits could be realized from further experi- 
mentation in this field. 

The interest and degree of hope in California is so lively that a few 
years ago the city of San Diego, which for years has been plagued 
by an inadequate supply, on account of a prolonged drought and also 
at a time of steadily increasing population, offered a site ‘to the Fed- 
eral Government for a pilot plant in which field tests of solar distri- 
bution method might be conducted. 

For various reasons, although a lease of low rental was negotiated, 
nothing ever came of this effort to speed up research and experimen- 
tation program. 

In a number of areas in California along the Pacific coast, the salt 
water intrusion of underground water reservoirs has become a serious 
erent Here, once again the chairman will remember that the 

gislation which I introduced, which I am most grateful, the chair- 
man took the lead in obtaining the recommendation of the committee, 
provided for the construction by the Federal Government of a dam 
in Ventura County became law, that dam is now under construction 

and it has averted the hazard that the people of that great county in 
my State constantly faced, of salt water intrusion into both the do- 
mestic water supply and also the farm area there. 
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Instances of the souring of wells have been reported with increasing 
frequency in the coastal plain between Los Angeles and San Diego. 

As the Irrigation and Reclamation Subcommittee was told earlier, 
I think this week a similar situation exists, up the coast, in Monterey 
and San Benito Counties and large metropolitan area in Santa Clara 
County. 

There are instances of shortages so acute that water is brought in in 
tank cars. 

The city of Coalinga does not exist except by the trucking in of 
water which permits the people in that small community and the 
San Joaquin Valley to continue living. 

The inadequate supply and ever growing demand at Santa Barbara 
was sufficient in recent years, was serious enough, to warrant pushing 
of the Cochuna project. That community and others in our State 
had been required to adopt local ordinances, city and county law, 
by which restrictions were applied in the use to which water might 
be put. 

The feeling of a good many people in California probably is typi- 
fied by a comment from a letter I have received from a civic leader 
last fall who wrote to me in protest against what he termed— 

The false economy of Congress on cutting down on the most vital project in 
the United States today. 

He referred to the saline water program for which funds last year 
were cut over $400,000. 

A few months ago one of our national news services distributed a 
feature story about the hunt for salt water from the ocean. This 
story was played up prominently from newspapers from one end of 
California to the other and provoked considerable editorial comment. 
I cite this as an example of the lively interest in our State on this 
program. 

Already considerable use of ocean water is being made for certain 
industrial operations in my State, but on a limited scale. One of our 
big public utilities has resorted to a system of converting salt water 
for a generating plant in order to serve an area where fresh water 
is not otherwise readily available. 

However, in such instances cost is high and only exceptional cir- 
cumstances warrant such operation. 

The laboratory experiments so far reported appear to justify mov- 
ing forward to field tests and demonstrations on a large scale. 

If the economics of saline water conversion are to be ascertained, 
it is imperative to construct a pilot plant such as is proposed in the 
pending legislation. 

T ask the chairman for consent to file with the record a telegram I 
have received from the Avalon, Catalina Island, Chamber of Com- 
merce and a copy of a letter which the city manager of that community 
has written to me. 

May I also ask that at this point in the record there be included 
a letter from the Palm Springs Republican Assembly with an enclos- 
ure from the Riverside (Calif.) Press, which I ask be printed in full. 

Senator Anperson. Without objection, they may be placed in the 
record at this point. 
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(The material referred to follows :) 


TLELGRAM FRoM AVALON, CATALINA ISLAND, CHAMBER OF COMMERCE 


AVALON, CALIF., March 18, 1958. 
THOMAS KUCHEL, 
Senate Office Building, Washington, D.C.: 

We strongly urge favorable consideration of bill H. R. 11405, any other plan 
to locate pilot salt water conversion plant on Santa Catalina Island. Unique 
island location will eliminate local rivalaries inevitable if mainland location 
chosen. Value of water produced will be greater here. Ideal environment for 
project of experimental nature. Need here is immediate. Southern California 
peak shortage years in future. We strongly urge consideration on its merits 
of locating a salt water conversion plant on Catalina Island. 


AVALON CATALINA ISLAND CHAMBER OF COMMERCE. 


TELEGRAM FROM THE CITY OF AVALON, CALIF. 


Ciry oF AVALON, 
Avalon, Calif., February 17, 1958. 
Hon. Tuomas H. KucHEL, 
United States Senator, 
Senate Office Building, Washington, D. C. 

Dear SENATOR KucHEL: The city of Avalon, Calif., is faced with a critical 
Shortage of fresh water, which is the lifeblood of this city. Avalon’s very 
existence depends on tourist trade, and without water there will be no tourists. 
Water level in the storage reservoir, in the hills, has been dropping steadily for 
the past 2 years. At the present time, the level is 15 feet below normal; and the 
city is now operating under an emergency conservation ordinance, allowing 50 
percent of normal consumption. 

The city council, at its last regular meeting held on February 6, 1958, re- 
quested the city manager to write a letter to all county supervisors, State and 
Federal legislative officials, calling attention to Avalon’s water needs and re- 
spectfully recommending that a pilot plant for the conversion of salt water 
to fresh water be located here on Catalina Island in the city of Avalon. This 
would not only help the city of Avalon but would produce vital information 
for all parts of the country faced with a water shortage. It is hoped that all 
eoncerned will give this matter careful and favorable consideration. 

Thanking you for your interest and courtesy, I am, 

Yours very truly, 
ARTHUR L. Dow, City Manager. 


LETTER FroM Pam Sprines (CALIF.) REPUBLICAN ASSEMBLY 


PALM SprRINGS REPUBLICAN ASSEMBLY, 
Palm Springs, Calif., October 1, 1957. 
Mr. WARREN B. FRANCIS, 
Executive Secretary, Senator Thomas H, Kuchel, 
Senate Office Building, Washington, D. C. 


Dear Mr. WARREN: Please find enclosed clipping from Sunday’s Riverside 
Enterprise (this appeared in Los Angeles Times same day) on the very sub- 
ject I wrote to the Senator about: the false economy of Congress on cutting 
down on the most vital project in the United States today. 

I wish you would bring this to the attention of the Senator and let him 
know how we feel about this on the desert. 

Yours sincerely, 


At E. Hoover, President. 
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[From Riverside (Calif.) Press-Enterprise, September 29, 1957] 


CONGRESSIONAL PRESSURE SPEEDS HUNT FoR FRESH WATER FROM SEA 
By Roger Greene, AP Newsfeatures Writer 


WasHINeTon.—All over the world, man is struggling to realize his ancient 
dream of making the deserts bloom by unlocking fresh water from the salty 
seas. 

At last—spurred by drought, booming population and vastly expanding indus- 
trial usage—American scientists may be approaching the outer threshold of 
success. 

There is no secret about converting salt water to fresh. The sun does it every 
day, vaporizing billions of tons of sea water and lifting it into the clouds * * * 
then returning it to the earth in the form of rain. Man finds it more difficult. 

Past civilizations have risen and fallen according to their water resources. 
The Assyrians and Babylonians flourished in the once lush Tigris-Euphrates 
Valley, then vanished when the climate changed and the drought-scourged land 
turned to desert wastes. 

With our needs growing very year, experts say the same thing could happen 
here, unless new sources of water are found. Almost every year more than 
1,000 United States cities and towns are forced to restrict water usage in dry 
spells. In Dallas, jugged water sold for 50 cents a gallon during the drought 
early this year. 

Warned of the impending danger, Congress in 1952 set up an Office of Saline 
Water (OSW) in the Interior Department and authorized a multimillion dollar 
program to develop economical methods of converting salty or brackish water 
into fresh water. 

Patiently sifting through literally hundreds of proposals, the agency has yet 
to come up with a final answer. 

Congressional critics, irked at what they regard as slow progress, have 
scalded Interior Department officials for issuing rose-colored predictions un- 
supported by evidence of a major breakthrough in 5 years. 

A House committee, summing up the testimony at recent hearings, said in its 
official report: 

“The committee concludes that we still have a long way to go before general 
use of converted sea water becomes a reality and suggests to the Secretary of 
the Interior that, in these days when water is becoming more and more critical 
in many parts of the Nation, there is a danger of raising false hopes * * *.” 

In many countries—England, Spain, Israel, Yugoslavia, French Morocco, 
South Africa, Italy, Australia and elsewhere—top research teams are trying to 
solve the riddle. 

Scientists know the answer within limits. The rub is how to do it cheaply 
enough to compete with the price of natural fresh water from rivers, lakes and 
streams. 

Where cost is not the controlling factor, huge conversion plants are already 
producing millions of gallons of desalted water daily. 

United States Navy ships have been distilling their own water from the sea 
for more than 40 years. The superaircraft carrier Saratoga, for example, pro- 
duces 60,000 gallons a day for shipboard use. 

In the little oil-rich kingdom of Kuwait, on the Persian Gulf, United States- 
built sea water evaporators can turn out 5 million gallons of fresh water a day. 
On the Dutch island of Aruba, the site of great oil refineries off the coast of 
Venezuela, similar units distill 3 million gallons daily. These two are the larg- 
est ever constructed. 

In the United States, the Pacific Gas & Electric Co. has spent over $44 million 
on a plant at Morro Bay, Calif., to convert ocean water into fresh water for its 
giant steam boilers. It has a capacity of 144,000 gallons a day. 

Even at a cost of $1.95 per 1,000 gallons for the converted water—compared 
with 25 cents a thousand for San Francisco municipal water—the company figures 
it is cheaper to distill sea water than to sink wells or build dams. 

But the average United States householder, accustomed to paying about 30 
cents a thousand gallons for water to drink, wash dishes, and sprinkle his lawn, 
would shudder at the thought of paying $1.96. So would the farmer who now 
pays around 12 cents per 1,000 gallons for irrigation. 

; The job, then, is to knock the cost of desalted water down to an acceptable 
evel. 
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Secretary of the Interior Fred A. Seaton, in his latest report to Congress, 
announced significant progress and commented : 

“Tf research and pilot-plant work now started is successful, it appears reason- 
ably certain that costs of large-scale distillation of saline water will be reduced 
to 50 cents or less per thousand gallons in the near future.” 

How near is the near future? OSW officials don’t say. 

Testifying before a House Interior Subcommittee, OSW Director David S. 
Jenkins called the program the most difficult assignment in physical chemistry 
and engineering economics ever undertaken by the Federal Government. 

Jenkins talks of the 5-year-old program as being still in its infancy, but recently 
he hazarded this forecast : 

“If present research is successful, fresh water from the sea should be available 
within 5 to 15 years at prices which many industries and some municipalities can 

” 

Right now the Federal agency is banking heavily on a series of pilot-plant tests 
scheduled to begin late this fall or early next year, under contract with the Office 
of Saline Water. 

Currently regarded as the best bets so far among six-hundred-odd proposals 
submitted since 1952 are the following: 

1. Hickman rotary process. Developed by London-born Dr. Kenneth C. D. 
Hickman, of Rochester, N. Y., former Eastman Kodak research director, the 
pilot plant is designed to produce 25,000 gallons per day of fresh water from the 
ocean through vapor compression distillation. 

Using low heat, it is less subject to scale formation, which has been the nemesis 
of high-temperature methods. 

The Hickman plant, already built, is now being created for shipment from Cam- 
bridge, Mass., to its seaside site at Harbor Island, N. C. Tests running at least 
a year are expected to start in November. 

2. Badger multiple-effect distillation process. Invented by W. L. Badger, of Ann 
Arbor, Mich., former University of Michigan professor. The pilot plant is now 
being erected at Harbor Island and may begin operating in October. If successful, 
it would serve as the model for a mass-production plant costing over $6 million 
with a rated capacity of 17 million gallons per day. 

The big if in the Badger process, according to OSW officials, is whether it can 
eliminate scale deposits which could clog the apparatus . 

Badger told the House Interior Committee his multicycle process is “much 
cheaper than anything that has ever been talked about.” He said he expects 
to desalt sea water for “somewhere between 30 and 40 cents per thousand gallons— 
provided I can lick the scale problem.” And he expects to solve that within a 
year, 

38. Plastic solar distillation. A new, tough plastic developed by E. I. du Pont 
dle Nemours Co. may provide a relatively inexpensive method of open-air dis- 
tillation, using the sun’s heat to vaporize salt water in shallow plastic-covered 
basins. 

Much cheaper than glass, the Du Pont plastic reputedly will stand at least 
10 years of exposure in the hot sun. OSW Director Jenkins calls it an impor- 
tant step forward, but Du Pont officials say they still have a long way to go to 
make their method cheap enough. 

4. Lof Process. Developed by Dr. George O. G. Lof, Denver engineer, this new 
design in solar distillation uses a still in which the ground acts as a storage 
tank for the sun’s heat and continues to evaporate water when the sun isn’t 
shining. In most solar stills, evaporation tapers off when the sun goes down. 

Lof estimates his method will produce one-fifth gallon of fresh water per 
square foot daily at 50 cents per 1,000 gallons. 

Pilot-plant tests of both the Lof system and Du Pont’s plastic had been sched- 
uled to held on a 6-acre site at Ocean Beach, near San Diego, in the next few 
months. 

However, Congress slashed OSW’s meager funds so sharply that the agency 
is now counting pennies to see whether it has enough money to go ahead with 
the solar tests. 

OSW experts, while reluctant to criticize any feasible process, emphasize that 
solar distillation systems have the inevitable drawback of requiring long hours 
of hot sunshine and large areas to contain the flat trays of glass or plastic- 
covered water. 

As an example, it would take an estimated 8,000 acres for a simple solar 
evaporation system to match the projected 17 million gallons per day output of 
the Badger process. 
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Many other systems—involving desalting by freezing, ion exchange, solvents, 
nuclear energy, osmosis, etc.—are still in the experimental stage but are not 
discounted by OSW officials. 


The tiny Federal agency, with its 11-man staff, now has 21 research and 
development contracts and has enlisted the cooperation of 400 scientists and 
engineers. It has spent $2 million in the past 5 years. 

With the handicaps of a skeleton staff and trimmed-down budget—Congress 
knocked $434,000 off its request for $1,159,000 for fiscal 1958—the agency has 
encountered rough sailing on Capitol Hill. 

Senator Anperson. I want to say to the Senator from California 
that I appreciate the very kind way in which he referred to the chair- 
man of this subcommittee and I say to him that I have had a deep 
interest in this saline-water program because of its possible effect on 
other programs that are now matters of controversy. 

I need not remind him that there is some slight controversy be- 
tween California and Arizona over water. That spreads to a division 
between the upper basin States and the lower basin States in the 
Colorado River system. 

The controversy prompted me to try to check as to what we might 
do to get a peaceful solution. One recommended solution was that 
we buy back from Mexico the water granted to Mexico under the 
treaty we signed with them. The cost of that would not be much 
more than the cost eventually, I think, of erecting very large plants 
along the coast that would give the city of Los Angeles and the sur- 
rounding country far more water than it can ever hope to get out of 
the Colorado River. 

For that reason it seemed to be sensible that we try to explore this 
alternative since, if water supplies continue to diminish in the rivers, 
a continuation of the status quo would mean endless friction between 
those States. 

I went so far as to try to find whether or not the scientists who had 
been engaged in the development of atomic energy and the develop- 
ment of the first hydrogen bomb had any ideas as to what might be 
done. 

I found not only that they had ideas, but they had convictions 
that by the expenditure of what looks like a staggering sum, $600 
million to $800 million, a plant could be built which could completely 
solve the water problems of Southern California. 

Of course, no one would start to build a plant of that magnitude 
without some tests. It just happens that within the last week or 10 
days the chairman of this subcommittee had a chance to talk to Steve 
Bechtel of a very well known engineering firm in California. 

As to the results of the first plants that had been built for de- 
velopment of atomic power, I learned from him something of the 
savings that could arise from the use of higher temperatures. The 
water program is one to which I was directed because of a document 
which came across my desk from the Atomic Energy Commission 
dealing with the desirability of obtaining temperatures in the neigh- 
borhood of 1,400°. 

Then simultaneously finding a desalting process that would need 
to lift temperatures in the neighborhood of 1,400°. Here we were at 
an absolute exchange point where the two programs could work 
together, 

Not being a scientist I did not know whether they had a relation- 
ship, but some scientists thought they had a great relationship. Be- 
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cause I think the only ceiling there seems to be on the growth of the 
State of California is the water ceiling, it did occur to me that this 
is one problem in which many of us should find a great deal of com- 
mon interest. 

I am happy that the Senator from California is here this morning 
even though he and I have had a couple of long days with the San 
Luis project just recently. 

Senator Kucuen. My people have lived in California, as I think 
I have told you, for considerably over a hundred years. I can re- 
member my late father telling me that the area in which I was born 
and raised in southern California had artesian wells all over that 
vast area of land. 

As a small boy I can remember my family taking me within 10 
miles of Anaheim and seeing artesian wells gushing apparently the 
purest type of water into the air. 

Those are all long since gone, and what a turnabout has taken place 
when you and I listened on Monday and Tuesday to the cerfertly 
atiey eg cost to which farmers are placed in being required to dig 

eep into the ground considerably over 100 and sometimes over 200 
feet to obtain brackish water in order to sustain their own economy. 

That is what has happened to our land of abundance in the last 
century. 

Meanwhile, the people continue to come out there. 

Senator Case. Mr. Chairman, in going through my files to look 
for the parts per million which I have found and will give to the 
reporter, I have come across a letter which I am moved to bring to 
your attention because I know your interest on this is partly aug- 
mented by your realization of the importance of fresh water supplies 
in case of atomic developments that would spoil some of the water. 

But I received a letter from an electrical engineer in South Dakota 
by the name of Earl Smicter, back in 1954, in which he said: 

In the next 50 years the atomic engineer is not the man who will be lauded, 
but the engineer who will desalt the ocean water using the chemicals and 
minerals recovered to practically pay for the desalting cost and the lifegiving 
pure water will be used for city and irrigation use. 

He may be a bit optimistic on that point, or maybe a little bit 
prejudiced, but I think the possibility of recovering minerals sufficient 
to pay for the cost may not be realized in the immediate future, but 
it is worthwhile knowing that the Dow Chemical Co. supplied a great 
deal of our magnesium during the war with the Dow process for re- 
covering magnesium from ocean water. 

Senator Anperson. I do not know what the final cost will be and 
I am not really worried. I only know that as we develop atomic 
power, we must find ways of controlling extremely high temperatures. 

I have had occasion to take a look at a smal] device which heated 
to 2,500° which is a little hotter than I thought I would ever look at. 

Now, if the breaking point where it seems extremely easy to desalt 
sea water is 1,400° and we are already beyond it, we are beyond it in 
laboratories, we may not be too far away from suggesting some com- 
binations. 

It was my thought that if that point is ever reached in our atomic 
energy research, we might be ready, by knowing a lot of other things, 
to desalt and improve water, if in the meantime we are building these 
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sey and learning some of the things that you have to learn the 
ard way as you experiment with them. 

When the Senator from South Dakota started to say some things 
and then the Senator from California took up, it reminded me that 
not too long ago I was speaking in California, trying to interest the 
city of Los Angeles still more in the program than it had been in- 
terested in the past, and I reminded them of the water involved in a 
slice of bread. Growing the grain uses 3714 gallons of water. We 
have reached the point whee we now use 1,100-gallons of water a oy 
for each man, woman, and child in our population or 200 million gal- 
lons a day over the Nation. The experts all predict, by 1975, that we 
will have at least 220 million people. 

If you throw that population increase against a very fast rising 
curve of water consumption, you will have a water problem that puts 
a ceiling on a great many of the cities and a great many of the metro- 
politan areas of the United States. 

I do not want to burden this record with reading a lot of statistics, 
but the problem that southern California will face as its population 
grows and the needs of the individual people grow, is staggering. 

I saw a photograph made from the air of a certain section of Cali- 
fornia 10 years ago. Then I say a second photograph made 25 years 
ago and a photograph made last fall. 

Now, the object of the photographs was to show that two things: 
A rising tide of population and an increasing interest in swimming 
pools. At last calculation, swimming pools used a small amount of 
water. Here was an area just outside of Los Angeles with, it seemed, 
hundreds of homes, and you could hardly spot a house without 
spotting a swimming pool, either adjoining it or between two houses 
right in the same neighborhood. 

Now, nobody wants to change that style of American living. I 
think I have more pleasure out of my heated swimming pool than 
out of anything that I own in New Mexico, and I do not want any- 
body to have to stop having swimming pools nor do I want to have 
them stop having lawns and using air-conditioning systems and all 
the other things that greatly increase the joy of living. 

That is why I have felt that we should start looking ahead and 
calculating the population we might have by the year 1975 and then 
by the year 2,000, then apply against that the curve of increasing 
water consumption and find that there is hardly an area in the United 
States that is not water deficient to a degree. 

The Senator from South Dakota knows this from his own area, of 
very small population comparatively. 

When I went to the House of Representatives in 1941 I was on the 
committee that reapportioned the membership of the House, or con- 
sidered the formula for reapportionment. I think California had 
about 21 Members of the House at that time. I think it has some- 
thing like 30 now, and will have probably 37 or 38 at the time of the 
next census. 

Senator Kucuen. Maybe 40. 

Senator Anpgrson. Do not discourage me. We are outnumbered 
badly enough now. 

But that is an indication of the tremendous growth in population 
and you cannot just take that population growth. You have to take 
the consumption increase. 
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Testimony was given here on the San Luis project and showed 
areas that once had artesian flow and now had wells. Those wells 
are right down to the salt water. They have no other place to go 
except to try to develop some new water supplies. 

They are not far from the sea coast. The one real essential to 
huge atomic development of potable water is the necessity of being 
at the sea coast with enormous populations. It is a subject which 
I am sure is going to be very fascinating to the people of that State 
in the coming years. 

We could easily get back all the money we have spent in atomic 
energy on isotopes. We are almost at that point. But we could 
get our money back many times over if we solve this water problem. 

The first witness will be the Assistant Secretary of the Interior, 
Hon. Fred Aandahl. The Department’s report has come up finally 
on these two bills. 

Do you intend to refer to it, or shall I put it in the record at this 
point ? 

Mr. Aanpaut. I have a brief statement that I will read. 

Senator Anperson. We are happy to have a statement. I just 
want to say, Mr. Secretary, that I take a rather dim view of the un- 
favorable recommendation you made on both S. 135 and S. 3370, but 
I hope you stay here long enough and hear the testimony on these 
and then go back to the Department and seek to get a little better 
report from the Department, 1f you can do so. 

Mr. Aanpauu. I think probably, Mr. Chairman, that our thinking 
is not too far apart. 

Senator Anperson. I know it is not. I want to say to you that I 
was deeply sorry that the Secretary of the Interior could not have 
been here himself, because I am persuaded that as we move further 
in this field the Secretary of the Interior and Assistants, such as 
Secretary Aandahl, will be very helpful in the development of this 
work because Secretary Seaton, I know, for a long time, has been 
very much interested in this possibility. 

I know the same observation applies to you, Mr. Aandahl, and I 
am happy to have you asa witness here this morning. 


STATEMENT OF FRED G. AANDAHL, ASSISTANT SECRETARY OF 
THE INTERIOR, ACCOMPANIED BY DAVID S. JENKINS, DIRECTOR, 
AND JOSEPH J. STROBEL, CHEMICAL ENGINEER, OFFICE OF 
SALINE WATER 


Mr. Aanvanu. I am glad to be here, Mr. Chairman. We from the 
Department of the Interior are indeed pleased to appear before your 
committee today to review the work of the saline water conversion 
program and to try to outline a course that should be followed in 
the future. 

On the question of the need for this program, it is probably suffi- 
cient to say that all studies of our future needs for water agree that 
there will be ever increasing demands on our sources of supply. 
While the total amount of usable water in the United States is suffi- 
cient for a good many years, there are many areas where the supply 
is currently insufficient and great effort is being made to bring water 
to these places. Some of them are near the sea or near sources of 
brackish water. 
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A method of converting such waters to usable fresh water at a 
reasonable price is the challenge that confronts the work of the saline 
water conversion program. Methods of converting sea water to 
fresh water have been known and used for a long time. Without 
aid from the activities of the Federal saline water conversion program 
that was established in 1952 and which we are considering today, 
methods have been developed and have been put into limited use on 
a fairly large-scale basis which will convert sea water at a price of 
about $2 a thousand gallons. 

The objective of the saline water conversion program has been to 
develop means of lowering that cost either by improvements on the 
methods that are in use or by the discovery, development, or expan- 
sion of other processes. A brief outline of what has been done under 
this Federal program will serve as a guideline in determining what 
needs to be done in the future. 

Since the establishment of the program in 1952, hundreds of pro- 
»0sals or ideas for research on a wide variety of conversion processes 
oen been considered and evaluated. From those evaluations con- 
tract research has been carried out on some 30 potential processes or 
methods. That work has resulted now in concentration of effort on 
the following general areas: Distillation, such as vapor-compression, 
multieffect and solar; membrane processes of several types; freezing; 
and a group of other chemical and physical possibilities. 

Small pilot plant development has been carried on on a membrane 
system of about 25,000 gallons per day capacity operating on brack- 
ish waters. Another is being conducted on a sea water rotary vapor 
compression distillation method, also of 25,000 gallons per day design. 
A third pilot activity is underway on the vertical multieffect distilla- 
tion process operating on sea water. These last two are currently 
in operation at Harbor Island, N.C. A group of five small pilot solar 
stills are in the process of being placed under contract for construc- 
tion and operation. Other processes are now or soon will be ready 
for initial pilot plant testing. These include a freeze-evaporation 
system, the osmotic membrane method, and osmionic process using 
selective membranes. Several methods, such as the flash evaporation 
low-temperature difference system, and nuclear energy combinations 
do not lend themselves to small pilot plant construction. Rather, 
engineering designs, plans, and analyses are needed to propose larger 
installations. However, particular phases of those types of processes 
may need investigation by medium sized pilot plant facilities. 

The next necessary step as I visualize it is to extend the pilot plant 
phases of the program. In the next several years, designs for and 
probably beginning of construction of those next steps in pilot plant 
testing can be made on: 3 or possibly 4 kinds of distillation processes; 
3 types of membrane processes; 1 freeze-evaporation process; possibly 
1 salvent extraction process; and designs of a nuclear heat-distillation 
combination. 

Such a program can be carried out in either of two ways. One 
approach would call for a very rapid rate of activity with all proc- 
esses undergoing pilot plant developments concurrently. The other 
approach would entail pilot plant activities on a few of the most 
promising processes at a time, on which problems need to be solved, 
either in the small or medium-sized pilot plant stage. 
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Either method can be carried out efficiently and effectively if funds, 
facilities, and personnel are available. The degree of actual urgency 
in developing one or more or all of the processes for one or all types 
of uses would depend entirely upon the specific and the overall water 
requirements and needs of the country. 

I am very glad to be able to add that the information that I have 
and the opinion of the people who have been working in connection 
with the two processes that are currently under pilot plant testing at 
Harbor Island, N. C., indicate that these methods show strong possi- 
bilities of being able to reduce the earlier mentioned cost of $2 Pt 
thousand gallons to less than half that amount with possible further 
reduction in the future. 

We in the executive branch during the last year or two have been 
trying to push the pilot plant testing work forward at a somewhat 
faster pace. For fiscal 1958 we asked the Congress for an appropria- 
tion of. $1,159,000 for our overall program. The appropriation that 
we actually received was reduced to $725,000. If all the requested 
funds had been available during the current year, we had expected 
to have in operation by this time a solar distillation pilot plant 
appreciably larger than the ones that we now hope to have in opera- 
tion soon. We also would have expected to have small pilot plants 
started on the freezing, osmotic, and osmionic processes, Additional 
engineering studies on pilot plants required for nuclear energy com- 
binations with conversion would have been undertaken. Also, some 
thought had been given to procuring a minimum experimental test 
facility at a seashore location. 

The Department is in agreement and in sympathy with the prin- 
ciple that the saline water program should be expanded to assure 
acceleration of the activity and early and orderly advancement in 
the determination of a means of converting sea water at a price of 
one-fourth of the present $2 cost, or even Yess than that if possible. 
As I see the program we need to direct our attention to four steps 
to accomplish this purpose: 

1. Continue the work in basic research. 

2. Put more processes under initial pilot plant testing. I say 
initial testing instead of small- or medium-sized testing because by 
their nature some processes can be tested first by small units and 
others require fairly large equipment to do any testing at all. 

3. Expand and continue the pilot testing of some of the processes 
that are already in or through their initial pilot testing. 

4. Have available suitable test facilities at the sea. 

Review of the authorizing legislation presently in effect indicates 
that its terms are very beviial and authorizes the Secretary to conduct 
the necessary steps, as I have outlined them. It may be necessary, 
however, as the program progresses to reconsider its fiscal and time 
limitations. 

I might say, Mr. Chairman, that the Secretary was very sorry that 
he could not be here. It was not until just a day or so ago that I 
was advised that I would have the responsibility of representing the 
Department at this hearing. 

I would like to say at this point, Mr. Chairman, that the Depart- 
ment of the Interior through the Office of Territories is planning a 
production plant at the Virgin Islands. That is entirely a separate 
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and independent consideration from what we say here about the 
research and experimental work of the Office of Saline Water. 

There is no conflict at all in those two approaches. 

I also want to add that I have with me today from the Department 
representatives of the several bureaus and agencies which you have 
requested be present, and with me at the table is Mr. Jenkins, the 
Director of the Office of Saline Water. 

We will be glad to discuss this matter with you and attempt to 
respond to questions as the committee may see fit. 

ecretary ANperson. I understand that Mr. Jenkins has a pre- 
pared statement. We will receive it at this time and print it at this 
point in the record. 

(The statement referred to is as follows :) 


STATEMENT OF Davin S. JENKINS, DIRECTOR, OFFICE OF SALINE WATER 


Thank you, Senator Anderson. It is a pleasure to meet with you and the 
committee again. 

May I first take the liberty of thanking you, Senator Anderson and Senator 
Case, for your very kind statements to the Senate of the United States concern- 
ing the work of the little Office of Saline Water. Everyone of the 13 employees 
of the Office of Saline Water was heartened on reading your kind statements and 
I give you both my assurance that we shall do our very best to justify your 
faith in us. 

It would be very difficult to summarize all of the activities of the saline-water 
program in a few minutes. Copies of our annual reports for 1957 have been dis- 
tributed to the committee members. That report describes the process develop- 
ments for the past 5 years, including the methods of operation, the organization 
and administration of the program, the methods of receiving, evaluating, and 
initiating research and development projects, the coordination of the activities 
with others working in this field, the stimulation of private work, and contains 
an extensive table in which we have attempted to list all known work in this 
field wherever it may be. 

The replies which were sent to the committee in response to your letter of 
February 10, can be summarized about as follows: 

The methods of evaluating research and development proposals follows closely 
the procedures of the National Science Foundation; panels of outside private 
consultants are relied upon very largely to determine the merits of new and con- 
tinuing research work. 

As to targets, at the beginning of the program, one guide for the cost to he 
sought initially was chosen as the maximum prices known to have been paid for 
undistributed, untreated raw water for municipal purposes, This was about 30 
cents a thousand gallons, or $100 an acre-foot. It was also recognized that the 
prices paid in some instances for industrial water were considerably higher than 
this and ranged up to $2 or more per thousand gallons, or about $700 per acre- 
foot. Between those 2 prices—$700 down to $100 an acre-foot—there existed 
then a range of prices from $2 down to 30 cents a thousand gallons in which 
an increasing number of industrial uses for converted water will take place as 
process costs are reduced. When the costs approach 30 cents, some municipal 
uses should make their appearance. 

Now this principle of comparing costs for converted water with actual costs 
of fresh water is in principle, I believe, a sound way to go about our program for 
reducing costs. However, I am not unmindful of the fact that as we progress, 
new improvements of all kinds are adopted and quite often the alternative 
facility will have costs greater than whatever it replaces. I was greatly im- 
pressed by the passage in the letter which I received recently from the Head 
of the Marketing Research of one of the country’s large industrial organizations 
which he has given me his approval in which he stated as follows: 

“A quick glance at the history of the major technological advances in consumer 
goods shows that virtually none have been more economical than the thing they 
displaced. In every case, automobile, electricity, radio, television, aircraft, they 
provided consumer services that did not exist before. We would have been 
extremely foolish to have denied acceptance to them because theoretical economic 
ealculations showed them to be more expensive than existing albeit inadequate, 
services. 


23642—58-——-3 
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As stated in the material sent to the committee, the processes which offer 
promises of reduced costs fall into four general groups: Distillation, including 
solar distillation, in which the cost in 1952 ranged from $2 to $5 per thousand 
gallons and which now is estimated for designed or projected installations at 
from $1 to $3 with anticipated costs in the future of less than 50 cents. For 
the second group of membrane processes which were not yet developed in 1952, 
the cost at the present time for treating brackish waters of 5,000 parts per 
million is estimated at around 80 cents in this country and it is anticipated 
that in the future that cost should be reduced to less than 25 cents. Separation 
by freezing, the third general group, was not in existence in 1952, but is now 
a small operating model today. However, it is anticipated that with further 
successful research and pilot-plant work, the cost should be less than 50 cents 
per thousand gallons. The group of other processes, including extraction of 
fresh water by the use of solvents, likewise is anticipated to have costs in the 
future of 50 to 25 cents for sea or brackish waters, respectively. 

Several of the processes under development by the Department are to be dis- 
cussed by representatives of the organizations which are or have been develop- 
ing them under contract with the Department. The Badger long tube vertical 
distillation cycle will be described by Prof. W. L. Badger. It is showing excel- 
lent promise. The Hickman vapor compression system and the solar distillation 
work will be described by Mr. Bertrand Landry, of the Battelle Memorial Insti- 
tute, which is now carrying on the further pilot-plant development in those 
fields for the Department. The promising work in separation by freezing is 
being carried out at Carrier Corp., which will be described by Dr. Dewey 
Sandell. The work that has been carried out for the Office of Saline Water by 
the Fluor Corp. on nuclear-energy combinations will be described by Dr. Wil- 
liam R. Hainsworth, vice president of that well-known engineering and scien- 
tific organization of Whittier, Calif. The work on low-temperature flash dis- 
tillation which offers real promise for locations where a supply of warm water 
is available will be described by Mr. William Gardner of the Griscom-Russell Co., 
which has carried on contract work for the Department in that process. There- 
fore, I had not planned to go into detailed description of those processes at this 
time. However, there are three processes which are under development by the 
Department which show excellent promise, particularly for use on brackish 
waters and these I feel should be described briefly as follows: 

Osmionic.—The osmionic process is an entirely new method which has been 
developed under sponsorship of the program. It is somewhat similar to elec- 
trodialysis except that it requires no outside electrical current and no electrodes. 
The driving force is obtained from the differences in concentration between a 
brine and the water to be demineralized. This feature makes the process very 
attractive in areas where the electrical power is not available, but where sup- 
plies of concentrated brines can be obtained easily—possibly by open pond 
evaporation and concetnration of sea water. The work was developed by 
Dr. George Murphy at New York State University and when it reached the 
engineering phase was transferred to the Southern Research Institute at Birm- 
ingham, Ala., where it has been advanced to a small bench pilot model. This 
has demonstrated the technical feasibility of the process. A pilot plant is now 
needed. Costs cannot be estimated closely but appear competitive with other 
processes under development. 

Reverse osmosis—Osmosis involves the passage of water through a mem- 
brane from a dilute solution to a more concentrated one or from the fresh water 
side into the salt water. If enough pressure is applied to the salt solution, the 
osmotic flow can be reversed and pure water from the salt solution will be 
forced through the membranes into the more dilute solution. Hence the term 
reverse osmosis. 

This process has been operated successfully in the laboratory, and at the 
University of Florida a laboratory unit capable of producing 8 gallons of fresh 
water per day has been constructed. This process utilizes the ion restraining 
or osmotic-type membranes and presently available membranes are capable of 
taking out approximately 97 percent of the salts from sea water in1 pass. The 
durability and the flow rate of the films, however, must be increased before the 
process can become practicable. 

Solvent extraction—This process which has been developed at Texas Agri- 
eulture and Mechanical Research Foundation utilizes a liquid which will absorb 
large quantities of water but at the same time the compound must be practically 
insoluble in water. The solvent extracts the fresh water from the salt water and 
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then releases the fresh water when the system undergoes a slight change in 
temperature. 

In addition, I should like to mention briefly the processes now in commercial 
use. They consist of large-scale multiple effect distillation of two types; con- 
ventional compression distillation; and electrodialysis. Multiple effect distilla- 
tion can be built on relatively large sizes up to 20 or 30 million gallons a day 
or more. Westinghouse Co. has recently constructed a plant at Kuwait, con- 
sisting of 4 units each about 600,000 gallons a day. Others are in use for 
special purposes. The cost of water is about $2 or more a thousand gallons. 
Improvements and combinations with power-generating plants may lower the 
cost of water considerably below $2. Existing large vapor compression plants 
are of about 50,000-gallon capacity and the cost of the water is computed at $2 
to $3 per 1,000 gallons or more. A number of competent American and other 
industrial firms are capable of designing and producing these various distillation 
plants. 

Electrodialysis is adaptable largely to brackish waters and the cost of the 
demineralized water depends on the salinity of the original water. For waters 
such as are found in parts of the West containing 2,000 parts of salt in a mililon 
parts of water, the cost of demineralizing down to good drinking water salinity 
has been estimated by one American manufacturer from pilot-plant tests run on 
its equipment by the Department as $1.10 per 1,000 gallons for a plant of 25,000 
gallons daily capacity, and $0.60 per 1,000 gallons for a large plant of 1,500,000 
gallons. Other electrodialysis equipment developed abroad is reported as at 
least meeting these costs. 

Senator Anperson. Do you have some slides, Mr. Secretary ? 

Mr. AanDAHL. We have some slides from the Office of Saline Water 
that may be used in answering questions. We don’t have any general 
projection that we want to present to the committee. 

But if a question should come up about certain phases of our work, 
we have some slides that will be helpful in explaining what is being 
done. 

Senator Anprerson. As I understand your statement, you prefer to 
proceed under the available authorizing legislation rather than any 
new legislation which would authorize a full-scale demonstration 
plant? 

Mr. Aanpaunt. I feel that there is still a great deal of work that 
needs to be done on the basis of pilot-plant operation. That might 
involve some fairly sizable pilot-plant operation. 

The next a in one of the processes that is in initial pilot-plant 
testing at Harbor Island would probably require a million-dollar 
pilot plant with a capability somewhere near a million gallons per 
day. 

That would be quite a sizable pilot-plant authorization. 

It is our understanding that the present legislation authorizes us 
to conduct that kind of work. I feel that those steps are very essen- 
tial before we would consider what might be classified as a demon- 
stration plant. 

Senator AnpEerson. Would the demonstration of this million-dollar 
plant be at all improved if you tried a little larger plant? Does the 
process you are going to test not offer its greatest possibilities when 
it 1s running at much greater capacity than the one now contem- 
plated ? 

Mr. Aanpant. I think what you say is generally correct, but I 
think a plant of the size I have suggested there would be large 
enough to give us all of the information that we need, probably make 
a number of suggestions for improvement, and I think it would be 
desirable to have that before we went into the larger operation. 

x : - 

Senator Anperson. How long would it take to develop that? 
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Mr. Aanpaut. I believe I would have to ask some of our people 
to respond to that. 

Do you have a suggestion, Mr. Jenkins? 

Senator Anperson. You have this plant that is now operating at 
North Carolina. 

Mr. Jenxins. Yes, sir. 

Senator Anperson. How large is it? 

Mr. Jenxrns. The plant that is in North Carolina now is a test 
facility only, in which one evaporator or just a part of an evaporator 
is being used for solving what we call the scale problem, the preven- 
tion of scale in this equipment. 

I do not believe we have run capacities on that little facility which 
we have. 

Senator Anperson. Relatively how much larger would the plant 
be that you are talking about ae the plant you now have? These 
scientists talking in atomic energy are always talking about some 
orders of magnitude. Can you not give us some order of magnitude? 

Mr. Jenxins. Eight to twenty times as large in physical size. 

The 1-million-gallon plant would have all of 8 or 10 or 12 stages, 
This is just one stage and only part of that stage. 

It is for an entirely different purpose, merely to work out what we 
must have before we go into any kind of a multieffect installation for 
further work. 

Now, in answer to your question as to whether we could go into a 
much larger plant, that could be done, but there are problems that 
we know will arise which we can solve, we believe, in what would be 
the next logical size, something between a half million gallon and a 
million and a half gallon, perhaps. 

I should say that Dr. Badger, who has been working with this sys- 
tem for many years, has used it in the salt industry and chemical 
industry, is here. He is to ap ear before this committee and describe 
this process and the work at Harbor Island in considerable detail. 

Senator Anperson. I am sure I sound as if my thinking is all run- 
ning in one direction, but recently we had some publications as to 
the development of thermonuclear power and it was revealed that 
the people at one of the laboratories in this country had built a small 
demonstrating test unit to see if they could make neutrons. 

The British took the same program, took a pretty substantial jump, 
and built a substantially larger machine. It looked as if they had far 
greater technical skill than we had, but it was only the fact that we 
were so careful that we did not build anything too large to demon- 
strate anything too much, that the British got ahead of us. 

Is there a possibility that we are proceeding with a little too great 
caution in this field? Are most of these things pretty well known 
that you are talking about? Have you not dealt with the scale prob- 
lem pretty well? 

Mr. Jenxins. No, sir; not in this particular problem. 

Senator Anperson. In what respect does it baflle you still? 

Mr. Jenxrns. In this particular cycle the economy of the cycle de- 
pends in a very large measure upon the use of ferrous metals rather 
than copper nickel metals. 

Scale can be dealt with if corrosion resistant metals are used with 
the adjustment of what we call pH, by the addition of acid. 
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Dr. Badger believes that processes used by many in the salt industry 
in which acid need not be fed, can be used on sea water. 
oe not know this yet. We will know when we finish at Harbor 

and. 

We do now know that the equipment can be kept scale free with the 
use of acid. If so, it will cost somewhat more than we have computed 
because of the more expensive metal. 

Senator Anperson. When do you hope to get this other answer? 

Mr. Jenxrns. In January I reported to the Appropriations Com- 
mittee that we felt we would need 6 months or more, maybe a year of 
testing, and that our appropriations requested for next year would 
not include the engineering work. 

In the past 2 months, however, the results have been coming in which 
are quite favorable and I talked with Professor Badger yesterday and 
he feels that engineering studies could begin at any time. 

We will not know all of the answers for a few months yet, but engi- 
neering of a plant could begin now. 

Senator Anperson. The Senate joint resolution provides that the 
decision shall be made 6 months after the approval of the act. So if 
you made such fine progress in the last few months, and I agree that 
you have made very encouraging progress, by which you almost know 
you can take care of the problem without difficulty, you might be able 
to take a larger step than you contemplated when you said 6 months. 

Mr. Jenkins. I believe, Senator Anderson, that we would en- 
counter the same problems that would have to be solved in a plant of 
10 or 20 million gallons that we would encounter in a 1-million-gallon 
Lr and it would be a lot cheaper to solve them in a 1-million-gallon 
pliant. 

ere Anperson. Would you learn anything extra out of a larger 
pliant 

Mr. Jenxins. Yes, sir. 

Senator Anperson. That is what I was trying to get to. You would 
Jearn a lot of things? 

Mr. Jenkins. Yes, sir; but there are things which would cost a 
great deal of money to learn in a large plant that you can solve in a 
smaller plant of say 1 million gallons. 

Senator Anperson. Precisely, but here is a State of California talk- 
ing about its general water plan and unless it can take care of the 
situation, unless it can do something about sea water, the people out 
there are going to be asked to spend $11 billion. 

The interest on $11 billion, I assume, runs into quite a little money. 

I do not want to stop to think about it, but I know it is quite a bit. 
Somebody has to pay the interest on that. Whereas, if we could make 
some headway with desalting sea water, with the great population 
centers all up and down the coast of California, they might not have 
to spend all that $11 billion. 

Wwaonld that not be some advantage even if it did cost a little extra 
money ? 

Mr JENKINS. Senator Anderson, I believe that is a policy question. 
I am trying to answer the technical questions. I should say this: 
That the work which has been done at Harbor Island and the plan 
which we have, has been worked out with the help of some of the 
country’s most outstanding engineers and scientists who have reviewed 
this work and have recommended this set of steps. 
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Senator Anperson. Could it be that those outstanding scientists 
who have recommended it, and they are undoubtedly fine people, have 
not made a population study, a study of increased water consumption 
Hho aps how quickly this ve is going to be on us in Cali- 

ornia 

I grant that they have been cautious and probably done it in the 

roper scientific way, but some people in the last few months have 
een taking some jumps, as was demonstrated by sputnik. 

I wonder if maybe we might not take a jump or two in this field. 

Mr. Jenxins. Senator Anderson, I have always considered that to 
be a matter for the judgment of the Congress in regard to the urgency. 

Senator ANDERSON. Tf we pass a resolution urging the building of 
a plant that will be an expression of policy ; will it not ? 

Mr. Jenxrns. Yes, sir, and we will carry out happily and as best 
we can anything that the Congress wants us to do. 

Senator Anperson. And if Senator Case wants to see a plant built 
to test brackish water, that was a little bit more than just a pilot plant, 
it would be possible to build a fairly sizable one, would it not, without 
too much of a jump, with the present engineering knowledge of the 
things we are now learning ? 

How much would be involved in the construction of the type of 
plant that Senator Case has in mind that you have not yet experi- 
mented with ? 

Mr. Jenkins. Processes designed especially for treatment of brack- 
ish water are confined to just one fully developed process at the pres- 
ent time. 

Senator Anperson. Which is that ? 

Mr. Jenkins. The ionic membrane process. In this country, Ionics, 
Inc., is the only organization that has built and is selling such equip- 
ment. 

Senator Anperson. Would you like to broaden the market a little 
bit ? 

Mr. Jenxrns. Definitely. We took that equipment to the field and 
ran pilot plant tests; we have a very through report on it showing the 
cost of the water which comes out to be, for the water treated in Miller, 
S. Dak., in the neighborhood of 60 cents a thousand gallons for treat- 
ing that brackish water, as estimated by the company, if a large plant 
were built. 

We believe that much further work is needed and that those costs can 
be reduced to much less than that with further work. 

Senator Anperson. That is fine; that is encouraging, and I am 
glad to have it. 

Senator Case. Of course, that cost would be attractive to many 
municipalities if you could demonstrate that you could build a plant 
which would serve the communities of under 10,000 population, if 
you could serve a community of 1,000 or 10,000 population, and give 
them salt-free water for 60 cents a thousand gallons, that would be a 
very definitely attractive proposition. 

Mr. Aanpant. I just was wondering if it would not be well to have 
in the record an estimate of the size of. plant that would be needed for 
that purpose. 

Senator Anperson. Yes. 

What size plant would that be? 
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Mr. Jenxrns. I believe that the per capita daily consumption in a 
town such as Miller runs in the neighborhood of about 100 gallons. 
I think Miller has about 2,500 people. That would mean a quarter of 
a million gallons per day if my arithmetic is right. 

Senator ANperson. One hundred gallons per day per person. They 
are way below the national average, then. 

Senator Case. Of course, there is no industrial use in Miller. 

Senator Anperson. I realize that. I would like to ask a couple 
of questions, if I may. 

Mr. Secretary, you referred to a plant in the Virgin Islands. 

Mr. AANDAHL. Yes. 

Senator Case. What is that project ? 

Mr. AanpanL. That is merely a project to supply badly needed 
water in the island. The plant would be installed there, but would 
be one of the tested commercial plants that is in use at the present 
time. 

Senator Casr. When you say a tested commercial plant—— 

Mr. AanpauL. It would not necessarily be a product of the Office of 
Saline Water. The Office of Saline Water will work very closely 
with the Office of Territories to help them to determine the most 
economical type of plant to install down there, but the chances are 
that it would be a plant similar to one of the plants that is used in 
a number of places. 

There are several types of plants that have been built for commer- 
cial production of water. 

Senator Case. You have not yet determined what type of plant 
will be used ? 

Mr. Aanpauu. No; I am not sure. The people from the Office of 
Territories are here and they will be able to report to you what they 
have in mind. 

Senator Casr. And also tell us something of its size? 

Mr. Aanpanu. Yes. 

Senator Case. In the report of the Secretary, I note that you in- 
cluded the tables showing the amount of the budget estimates and 
the amount of money that Congress had appropriated. Just making 
a quick rundown of that, it would appear that there has been a total 
appropriated of about $3 million and with the request for 1959, based 
on the House appropriation, a total of perhaps about $314 million 
which has been appropriated for the Office of Saline Water or will 
have been at the end of 1959. 

Mr. Aanpant. That is correct. 

Senator Case. Out of an authorization which you have in existing 
legislation of $10 million? 

Mr. AAanpAHL. Yes. 

Senator Casz. What is your definition of a demonstration plant as 
compared with a pilot plant and as compared with a laboratory test? 

Mr. Aanpant. I can give you only a layman’s appraisal of that, 
but my understanding of a demonstration plant would be one that 
embodied a sizable degree of production, it was intended to show the 
public what actually could be accomplished in the converting of sea- 
water to fresh water, while to me a pilot plant, irrespective of size, 
carries a connotation of one that is built for further research and is 
experimental for developmental purposes. 
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I think the type of thing we are trying to do in the saline water 
oe ram, we want to stick with the pilot plant concept just a little 

it longer. 

Senator Anperson. Now, I am interested in this because, as you 
have probably already guessed, I am a little impatient, I hope not too 
impatient. 

ell us about this plant in Miller, S. Dak. When was it put in 
there ? 

Mr. Aanpant. The plant that was used at Miller was a mobile 
unit. 

Senator Anperson. It was a trailer? 

Mr. AanpDAHL. It was used in Arizona for 6 or 7 months and then 
later in South Dakota and is presently in the Bureau of Reclamation 
laboratories in Denver with some experimental work continuing on 
the membranes. 

Senator Anperson. Was it at Miller longer than 6 weeks, or so? 

Mr. Aanpant. I think we had better have Mr. Jenkins give you 
that. 

Senator Anperson. We had a figure a little while ago based on 
what it cost at Miller. I am trying to find out what experience you 
had in Miller. 

Mr. Jenxrns. It was in Miller about 3 months. It was earlier 
tested in Arizona about 6 months. 

Senator Anperson. Are you sure they ran it longer than 6 weeks 
at Miller? 

Mr. Srropet. The test was 3 months’ duration. It was intermit- 
tent operation, but it was 3 months. 

Senator Anperson. You would not be too shocked if I said 6 weeks 
of actual running? 

Mr. Stroseu. No. 

Senator Anperson. When you got it out of there, you moved it to 
Denver? How much have you run it at Denver in the last 3 years, 
1,000 hours maybe ? 

Mr. Jenxrns. As I recall, we received a report which stated that 
about fourteen hundred hours—I might want to correct that for the 
record—has been placed on membranes. 

Senator ANperson. I was not too far wrong, was I? 

Mr. Jenxins. No. 

Senator Anperson. So your experience was based on limited opera- 
tion of a limited plant that is carried around in a trailer. 

Is that, Mr. Secretary, your idea of a good pilot plant experiment in 
the handling of brackish water ? 

Mr. Aanpaut. I would say that that is a good initial pilot plant 
operation. If that initial operation has the proper elements of en- 
couragement in what was accomplished it should move into a larger 
pilot operation and probably take the form of stationary construction. 

Senator Anperson. You say if it had the proper elements of en- 
couragement. What have you learned, Mr. Jenkins, in these 4 years 
by use of this ionic membrane process, from this trailer ? 

Mr. Jenxins. We have learned that the particular equipment which 
is built in this country is designed for a particular purpose and that is 
with rather high labor costs and equipment costs. 

The membranes, for example, we are finding very durable, but they 
are very expensive. 
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Senator Anprerson. Have you bought new equipment for it in the 
last couple of years? 

Mr. Jenxrns. No, sir; I don’t think we have had to replace the mem- 
branes that were placed in the equipment in Denver. 

Senator Anperson. Is this type of equipment being sold in other 
parts of the world ? 

Mr. Jenkins. Yes, sir. 

Senator Anperson. Are they getting little advanced models over 
what you have been using ¢ 

Mr. JenKiNs. I would assume that they are, not greatly advanced, 
so far as I can tell. 

Senator ANperson. What I am curious about is, if you had this for 
4 years and have not thought of a single thing, they have not, or you 
have not, thought of a single thing to improve it, how much of an 
experimental job has been going on and how much have you just been 
letting it sit day by day and hour by hour? 

What have you really tried with it that is new? How much ad- 
vanced thinking have you put into it? Can you tell us a little bit 
about that 

Mr. Jenkins. Yes, sir. I should say this, first, that the Office of 
Saline Water consists at the present time of 13 people, includin 
clerical help. The total staff in the office, technical staff, is here wit 
me today. It consists of five technical people besides myself. Two are 
well versed in membrane work. We have, by reason of the present 
law and the way we work, had to depend almost entirely upon private 
organizations such as Ionics, Inc., and others, to carry out the real 
developmental work. 

Now, those organizations have been busy. One organization, the 
National Aluminate Co., has been busy developing greatly improved 
membranes. 

I believe some of their representatives are here today. 

Senator ANpERSON. Greatly improved membranes 

Mr. Jenkins. Yes, sir. 

Senator Anperson. Have you tried them anywhere? 

Mr. JENKINS. We have not. 

Senator AnpErson. How do you know, then, they are greatly im- 
proved ? 

Mr. Jenkins. We take their technical data as being correct. 

Senator Anperson. Are you hostile to testing it? 

Mr. Jenkins. No, we have a testing facility now being readied in 
the Bureau of Reclamation laboratories in Denver for testing many 
different kinds of membranes. 

Senator Anperson. In the 4 years you have had this outfit why not 
try one of these improved ones. That might change your estimate 
that you gave Senator Case a moment ago. 

Mr. Jenxtns. We believe it will. We have a program in the Bu- 
reau of Reclamation for development not only for testing the mem- 
branes, that others are developing, but improving, developing im- 
proved equipment that the membranes are placed in. 

Senator Anperson. At the present rate of speed when do you think 
that test will take place? 

Mr. JENKINS. We are out of money this year. We are scheduled 
for the first thing next fiscal year. 
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Senator Anperson. That would start, you mean, this coming July? 

Mr. Jenkins. Yes, sir. 

Senator Anperson. So that is where the brackish water experiment 
stands? 

Mr. Jenxrns. Only on the Ionics, Inc. process. However, we have 
a number of development projects underway on other promising brack- 
ish water processes, and if you wish I can insert a list of them. 

Senator ANpErson. You may do so. 

(The following information was subsequently submitted :) 


BRACKISH WATER EXPERIMENTS 


Not only has emphasis been placed upon processes which are principally suit- 
able themselves for treatment of brackish water, but also on distillation and 
solar distillation, which can treat both brackish water and sea water. If distil- 
lation processes are used on brackish waters it will be possible to blend the pure 
distilled water with fairly large portions of the original brackish water thus re- 
ducing cost of the product water up to 50 percent in some cases. Following is 
the list of activities and expenditures this year on processes considered as par- 
ticularly for treatment of brackish waters. The total for the year will be about 
$140,000. If say a third of the expenditure on distillation is also considered as 
applicable to the brackish water problem, the total for the year on brackish 
waters is about $300,000 or nearly half of the research and development effort for 
the year. 















Activity | Process Expenditure 

Southern Research Institute................-------.. re | a a id $24, 831 
University of Florida_............- --| Reverse osmosis_............ 11, 960 
Texas A. and M_..______.-_... | Solvent extraction_.__.____- 28, 960 
University of Oklahoma_-____._.__-- ...| Adsorptivity (extension) --_-- 5, 000 
Polytechnic Institute, Brooklyn.-..-................---------- | ee eee 6, 960 
Resources Research...........-.-.------ Biological membranes. 10, 000 
Evaluations on brackish water (estimate) DL deeue beoieeoubued aid es 4, 000 
a oo ah cenwdowamign ee Membrane development --_ 15, 000 
PD GENIE Cb. 3len- seca cnncocanawenconnclcuce.| MMOMDUMNYEN. =.. =~. -.20 30, 000 
I i crit cee tal a Me ual Ed cam wlneciwins teenies 136, 711 


Mr. Jenxrins. The brackish water experiments have also been 
carried on abroad. 

Senator Anperson. By your department ? 

Mr. Jenkins. No, sir; two organizations abroad have developed 
what has been reported as equipment at least equal in performance 
to that developed in this country. 

Some of the reports indicate that it is superior. 

Senator Anperson. Have you seen that equipment? Has any 
member of the staff seen it ? 

Mr. Jenxrns. I saw one model of this equipment under develop- 
ment when it was very small, 2 or 3 years ago in Holland. 

Senator AnpreRson. You have not seen it operating ? 

Mr. Jenkins. Yes, it was operating, that small model was operat- 
ing. 

Senator Anperson. I know, but the equipment that they now have 
which is of some size, is that not operating now abroad ? 

Mr. Jenxtins. Yes, sir; they have a larger size now which is operat- 
ing down on the English Channel. 

Senator Anprerson. Has any member of your staff seen it? 

Mr. Jenxtns. No, sir. 

Senator ANpErson. Are you really interested in seeing it ? 





SALINE WATER CONVERSION 37 


Mr. Jenkins. Very much. 

Senator Anperson. Would it be fair to ask you, then, why you 
have not seen it, or some member of your staff? 

Mr. Jenkins. We have been more than occupied with the day-to- 
day work in this country. 

Senator Anperson. If the whole experiment on brackish water was 
in lugging this trailer around a bit, that is not much day-to-day-work 
here; is it ? 

Mr. JenKrns. I believe I should say that I did meet with the peo- 
ple working in Europe, but there were some objections raised to 
that foreign travel. 

Senator Anperson. By the Congress? 

Mr. JENKINS. Yes, sir. 

Senator Anperson. That is what we want to get to. We have 
been trying to get something done. We want to find out why that 
is. Was that an appropriations committee ? 

Mr. Jenkins. Yes. 

Senator Anperson. We do not speak improperly of the other body 
in this place, but was it by any chance in the House of Representa- 
tives ? 

Mr. Jenkins. Yes, sir. 

Senator ANpERSON. Was it in the Senate? 

Mr. Jenxins. No, sir. 

Senator Anprerson. I would agree with you that if you wanted to 
go look at this and Congress would not let you, it certainly is not 
your fault. 

The only thing I am trying to say, Mr. Jenkins, it is the senting 
that not a cussed thing has been done for 3 years in this field an 
there is no possibility of anything being done for 3 years. 

That is why the Department has said let us keep on with the pilot- 
plant operation. 

Mr. Secretary, this is not a pilot-plant operation any longer. There 
has been something indicated that might be done. The Department 
does not do it. 

Now, if it is the fault of the Congress, you might not feel free to 
say so, but I have no inhibitions. 

Mr. Aanpant. I have been of the belief that before we go into a 
larger pilot operation than the one we have used on the ionic process, 
that we need some improvement in the equipment. That improve- 
ment has not been coming as rapidly as we would like it to come. 

Senator Anpverson. I do not see why we continue at this snail’s pace 
when we know this snail’s pace cannot teach us anything. 

The testimony of Mr. Jenkins is that there are better membranes. 
We do not have them, but there are better membranes. We have 
better equipment to use it, but we do not have it. 

There are plants in other parts of the world that will work better, 
but we would not look at them. I do not think that is the best evi- 
dence of a burning desire to find out. I do not wish to be unkind 
about it, but is that evidence really that we are going ahead ? 

Mr. AanpawL. The only comment that I was going to make was that 
when we have information about better equipment which can be used 
by Ionics, probably the next step should be a larger pilot plant. 

Senator AnDerRson. But you would not get any information under 
the present system. This thing is sitting out in Denver. 
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Mr. Aanpanu. As Mr. Jenkins just outlined, we now have it sched- 
uled for fiscal 1959, just as soon as some money is available. We are 
operating under the handicap of budgetary limitations. 

Senator Anprrson. Then the announcement of this hearing did 
serve some useful purpose ¢ 

Mr. Aanpanu. Without any question at all. I am very grateful 
that we are having the hearing. 

Senator Anperson. Thank you very much. 

I do not want to be unkind about this, Mr. Secretary, but a lot of 
people have wondered why we have not tried to make more substan- 
tial progress in this field. It may be that the Congress is not willing 
to go ahead. Therefore, we may be able to lay some basis of a little 
better appreciation of it by the Congress. 

Mr. AanDAHL. We have budgetary problems in the executive branch 
that we are struggling with as well as similar problems in the Appro- 
priations Committees of Congress, and we in the Department have 
tried to do the best we can in selecting the promising work and phases 
of that that seem to need attention. 

We are doing the best we can in wisely expending the money that 
is made available to us. 

Senator Anperson. Has this Government contributed any money 
to these experiments abroad that you have spoken of? 

Mr. JenxKtins. No, sir. 

Senator Anperson. Do you not have contract authority which is 
limited only to the United States ? 

Mr. Jenkins. The contract authority was extended in 1955 authoriz- 
ing the expenditure of not to exceed 10 percent of our research and 
development money abroad. 

Senator AnDerson. Have you spent any money abroad ? 

Mr. Jenkins. No, sir. 

Mr. Aanpanu. We had a contract under negotiation for that pur- 
pose, but it was never consummated. 

Senator Anperson. You do not really need the authority if you are 
not going todoit. You asked for authority to contract abroad. Did 
you contract abroad ? 

Mr. Jenxrns. No, sir; we have not contracted abroad yet. 

Senator Casz. Mr. Chairman, I wonder if you have explored the 
aoe toed of using some of these foreign currencies we have been 

earing a lot about on the floor of the Senate these last few days. That 
is the easiest money to spend abroad that exists today. 

Mr. Jenxrins. A small amount of money, Senator Case, is being used 
in that way. I must confess I do not understand how it works, but 
some $314 million of funds were appropriated to restore some of the 
counterpart funds in Israel last year. 

The Department of State handles that money. From that money 
there was about $100,000 that was earmarked for research and de- 
velopment in desalting. 

Senator Anperson. Tell us what you did with that $100,000. 

Mr. Jenxrns. It is not our funds; it is the Department of State. 

Senator Anperson. You mean the Department of State has taken 
over the desalting program? Mr. Dulles has time for that, too? 

Mr. Jenkins. When the appropriation was made the Department 
of State came to us immediately and asked if we would review and 
evaluate any research that was proposed in Israel. 





SALINE WATER CONVERSION 39 


Senator Anperson. Did you? 

Mr. Jenkins. We have an agreement to do so and have evaluated 
the only one which has been submitted which is on the membrane 
method and have recommended that they proceed with the work. 

We don’t know that much will come of it, but certainly they will 
obtain some know-how and the general profession will gain from it. 

Senator Anperson. Do I understand the State Department has 
withheld this $100,000 in counterpart funds from you? 

Mr. Jenxins. No. 

Senator Anperson. Then they are available to you ? 

Mr. Jenkins. They are not available to us. They are available for 
— only in Israel by the Israelian Government. 

Senator Anperson. Most of us have spent some counterpart funds 
traveling. We know how they are spent. They are there. 

There is $100,000 in Israel. What has happened to it? Have you 
spent any of it or directed the expenditure of it in Israel ? 

Mr. Jenkins. We have concurred in the expenditure of funds for 
this one first and only project that has been submitted. 

Senator AnpEerson. How much ? 

Mr. Jenkins. I will have to get that for the record. I am sorry I 
don’t have the amount at this time. 

(Mr. Jenkins subsequently submitted the following information :) 

The amount is 50,000 Israeli pounds, or about $30,000. 


Senator Anperson. Is that the only place you have taken any coun- 
terpart funds and tried to spend them ? 

Mr. Aanpaut. Mr. Chairman, it is my understanding that the ex- 

enditures of these funds are a function of the State Department. 
hey have consulted with the Office of Saline Water to determine the 
feasibility of the use to which those funds are going to be put. 

Senator ANperson. I can only say, Mr. Secretary, that I just do not 
believe that the desalting process stays in the State Department. That 
you come with the State Department and ask for your portion of the 
counterpart funds just as a congressional committee making a tour of 
Europe arranges to have counterpart funds supplied to it. I think 
the control is still in the State Department, but the congressional com- 
mittee gets it. 

The only time I have been on one is when I went to Atomic Energy 
Conference in Geneva. I know counterpart funds were used. 

There is constant talk of counterpart funds. We have a provision 
in the agricultural bill on the floor right now that would make a great 
deal of money available. Why cannot some of these funds be used 
to find out what is going on and, secondly, to direct an experiment in 
these areas of the earth where they have machinery and equipment ? 

Why would it not be a good idea to say, we want to find out about 
the use of handling brackish water, desalting seawater, give us some 
experimental programs and we will use up some of these counterpart 
funds? 

Mr. Aanpant. I have no objection at all to that approach, but up to 
the present time counterpart funds have not been made available to 
the Office of Saline Water for expenditure insofar as they have been 
used for this purpose. 

They have been contracted and spent and committed by the State 
Department and our only function has been to cooperate with the State 
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Department and aid in determining the feasibility and the advisability 
of the thing that is being proposed for overseas operation. 

Senator Casz. Mr. Chairman, yesterday I was examining the report 
of the President on the operation of the Public Law 480 and I noticed 
that at least half a dozen different agencies of Government were 
spending counterpart funds. 

While there may be no specific authority for the Department of the 
Interior to reach into that grab bag, if there are some experiments or 
pegs abroad where we could get something, it seems to me it would 

a good place to carry on some of this work. 

In fact, recently a scientist made the observation to me that one of 
the best things we could do in this current situation of a world hunt 
for scientists is to utilize some of the scientific capabilities in some 
of the European countries. 

Mr. Jenkins, isn’t there a process that the Dutch have been working 
on the desalting of water ? 

Mr. Jenxins. Theirs is another version of the electromembrane 
process. 

Senator Case. What do you know about the results they have ob- 
tained in that process as compared with the one that Ionic, Inc., has 
been using here ? 

Mr. Jenkins. The reports which we have from the Dutch indicate 
that costwise their process has considerable advantage for one main 
reason, I believe, and that is the capital investment involved. 

The Dutch are able to lay down a piece of equipment which will 

erform the same desalting for about a third, including import taxes, 
in this country that is charged by Ionics for their work. 

I should say in the Ionics equipment, a very large portion, I be- 
lieve in the neighborhood of 60 or 70 percent of the cost of the water 
goes into the capital investment and membrane replacement. 

Senator Case. Is the process essentially the same as Ionics, Inc., 
uses ? 

Mr. Jenxrns. The principle is the same. The equipment is quite 
different. 

Senator Cass. Have you made any detailed study of the Dutch 
process ? 

Mr. Jenkins. As much as we have been permitted to make. 

Senator Case. When you say permitted, what do you mean? Who 
gave youthe permission? Who withheld it? 

Mr. Jenxtns. The Dutch let us see what they wished us to see and 
no more, because these processes have a patent value and we were able 
to learn quite a bit about it. We do not have their test results. 

Senator Casz. Was that one of the places you visited when you did 
go abroad ? 

Mr. Jenxrns. Yes, sir; that was a cooperative project in which a 
number of nations were invited to join. The Department did not feel 
that we had the authority. The authority was given by act of Con- 
gress; apparently the Congress agreed that we didn’t have the author- 
ity because they gave it tous. By that time the Dutch had all of the 
subscribers they needed and we then offered to cooperate, but it was 
too late. 

Senator Anperson. The plant has not been built, has it? 

Mr. Jenxins. Yes, sir. 

Senator Anperson. The 2-million-gallon plant? 
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Mr. Jenxins. This is a final production plant. I should make this 
clear that in this type of process the unit can be increased in size only 
a limited amount. I don’t believe it will ever be possible to have a 
single unit of this kind more than a few feet in dimension. 

To demineralize a large amount of water we simply have multiples 
of these. 

Senator Case. What would be the capacity of a practical plant 
using the ionic-membrane process ? 

Mr. Jenxtns. A single stack of the membrane process, according to 
the last information we have from them, is capable of producing water 
at the rate of about 1,000 gallons a day, in this general magnitude, on 
seawater. 

Senator Cass. From seawater ? 

Mr. JENKINS. Yes, sir. 

Senator Cast. What about brackish water ? 

Mr. JeNKINs. Depending entirely on the salinity of the original 
brackish water, the capacity increases as the salinity of the original 
water is decreased. 

Senator Casre. Did you see the press story the other day about the 
plant that the Hickman process was being used for with a capacity of 
500 or 600 gallons per day ? 

Mr. JenxKins. I am not sure of this particular press story, but we 
have been in very close touch with Kenneth Hickman, he is one of our 
consultants on the development of the larger Hickman still and we 
know that he has been working on this small household still and has 
met with considerable success. 

Senator Case. The story that I saw, if I remember correctly, sug- 
gested that that household still could be built for about $1,500, but in 
quantity production might get down to $300. Does that correspond 
with the information you have ¢ 

Mr. Jenkins. I think that that is optimistic at the present time, but 
those are Dr. Hickman’s figures. 

Senator Anperson. Why do you think it is optimistic? What 
engineering knowledge do you have that makes you think it is opti- 
mistic ? 

Mr. Jenkins. We offered to assist Dr. Hickman in field testing this 
equipment because it needs testing on different brackish waters and 
his estimate of preparing another piece of equipment for this field 
testing was far greater than $1,500. 

Senator Casr. Mr. Chairman, I will get that clipping and would 
like to introduce it later in the record, if I might. 

I thought, myself, at the time, that if that could supply a family 
home with desalted water for $300 a unit, all you would have to do is 
plug it in like you would an electric refrigerator, that there would be 
a considerable market for them. 

But it will take, I think, some exploitation and demonstration to 
show that that can be done. 

You have to create a demand to get the $1,500 unit down to $300 a 
unit. 

There was one other question I wanted to ask. 

Why did you state that the ionic process is the one most suitable for 
brackish water? Why is not the Hickman process for distillation 
equally suitable ? 
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Mr. Jenkins. I think my statement was probably not phrased 
roperly. The electric membrane en also called electrodialysis, 

1s, itself, best adaptable to brackish waters. However, I am not at 
all sure that it is the most favorable process for use on brackish water. 

Senator Case. Is not the Hickman process the one that we saw 
demonstrated at Boston ? 

Mr. Jenkins. Yes, sir. 

Senator Case. Mr. Chairman, I went with some other Members of 
Congress to Boston a few years ago and saw what I suppose was the 
first of the Hickman plants. It was a sort of makeshift thing which 
used a motor from a Eureka vacuum cleaner, I understood, but any 
way, it did the business and to me it was most intriguing for its poten- 
tial small- and large-scale operation, I thought, of any process that 
had been brought to my attention. 

I thought that the ionic-membrane process might have values for 
particular classes of water, but the other, because of a low operating 
cost and a low maintenance cost, seemed to me to have the most promise 
of widespread utilization. 

Senator Anverson. Mr. Secretary, is there anything in either 1 of 
these 2 bills that would prevent you from going ahead with the de- 
partment program ? 

Mr. AAnpAuHL. No; I don’t think so. 

Senator Anperson. Is there anything in either 1 of these 2 bills 
which would prevent you from going over to Israel and using counter- 
part funds? 

Mr. AanpaAnt. No, sir. 

Senator Anperson. What the Senator from South Dakota said 
about other departments using them may be all wrong. 

I understood in Japan, for example, the Army had used counterpart 
funds to purchase laminated timber products of some kind for con- 
struction at Guam, Okinawa, and various places. I do not believe 
the State Department is the only user of counterpart funds. 

I think that the bill enacted into law, the act of July 3, 1952, placed 
this responsibility right in the office of the Secretary of the Interior, 
not in some office of saline water, but put it in the hands of the Secre- 
tary of Interior to do these things and I know that if the Secretary 
of Interior wanted counterpart funds to go ahead he would not have 
a bit of trouble. 

Senator Case. In all fairness I should say we provide for the use 
of counterpart funds and foreign currencies received from the sale 
of surplus commodities for the procurement of family housing by a 
special provision in the military construction act in the 84th Congress. 

I have in my hand now the report of the President on the operation 
of Public Law 480 which embraces the program carried on through 
the use of Public Law 484 on currencies. 

At 1 point it says there are 8 uses of sales proceeds. Here is the 
Department of Agriculture, the Office of Defense Mobilization, the 
International Cooperative Administration, and Defense Depeartment, 
the Export-Import Bank, the ICA, the Department of State, the 
United States Information Agency; all use counterpart funds and 
under section 104 of Public Law 480, United States obligations abroad 
may be paid by any agency. 
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That is subparagraph (f), section 104, that might be worth ex- 
ploring. 

I would think if that doesn’t provide ample authority for the De- 
partment of the Interior to carry on research programs abroad in 
this field that that at least is one thing that we ought to incorporate 
in any legislation reported. 

Senator Anperson. Yes; I agree with you but if you cannot do it 
or find you cannot do it, we might be able to get it. It seems to me 
if there is anything going on abroad that you want to know about, 
the Department of Interior might ask us for help. 

Senator Case calls my attention to section 104 (e), grants for eco- 
nomic development is handled through ICA. That may be the con- 
tracting agency that may be used. 

Senator Casr. One other country abroad apparently is working in 
this field, I was handed a clipping from the Rocky Mountain News 
which says that the South Africans told a conference here that they 
are building a plant to desalt sea water at the rate of 6 million gallons 
a day at a cost of only 30 cents per thousand gallons with a further 
cost reduction likely. 

Did the South Africans present a report at the conference that was 
held in Washington last fall ? 

Mr. Jenxins. Yes, sir; a very fine report and they have carried on 
some outstanding work. Their process is this electrodialysis process, 
patterned almost exactly after the Dutch version. They use a very 
inexpensive membrane which must be replaced frequently but because 
of low labor rates this is the economic thing to do there. 

In this country, Ionics, Inc., I believe, feels that a more durable, 
more expensive membrane is needed. 

Of course, there is a vast difference in labor rates and cost of equip- 
ment. 

Furthermore, when Dr. Volckman was here—he was in charge of 
the work—I recall that he said, in answer to an informal question, 
that they had expended somewhat in excess of $2 million on the de- 
velopment program on that one problem only. If so, that is as much 
as our entire program for this year. 

Senator Anperson. Do you suppose they got that by asking for it 
or not asking for it? 

Mr. Jenkins. This was a gold mine company, not the Government. 

Senator ANpERSON. They are also taking it out of uranium, are they 
not ? 

Mr. Jenkins. I think so. 

Senator ANpERsoN. We are paying a pretty good price for uranium. 
So it comes back eventually to the United States. 

What I am trying to say is have we experimented at all with the 
process they think is good enough to produce it at 30 cents a thousand 
gallons? Have we built a pilot plant for this process they have ex- 
perimented with where they think can produce it at 30 cents a thousand 
gallons? 

Mr. Jenxrns. No, sir. 

Senator ANpEerson. Have we one under contemplation? 

Mr. Jenxrns. To build that large a plant? 

Senator Anperson. Yes; to build a pilot plant of the nature they 
are talking about. 

Mr. Jenxins. No, sir. 

23642—58——4 
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Senator Anperson. Do you not think it is a promising process? 

Mr. JENKINS. Yes, sir. 

Senator Anperson. Why do we not build one? 

Mr. Jenxrns. I do not know that the economic need is here to build 
such a plant for that particular process. 

Senator Anperson. Would 30 cents a thousand gallons appeal to 
the people of California? 

Senator Kucuet. I do not think there is any question about that. 

Mr. Jenxrns. I believe I should straighten out a misunderstanding. 
The South African plant has to do with desalting some brackish 
water of 4,000 parts per million only. It has nothing to do with 
desalting sea water. 

Senator Casr. The Rocky Mountain News report referred to de- 
salting sea water. 

pany Anverson. Do you think the Rocky Mountain News is 
wrong? 

Mr. Jenxrns. Yes, sir; I am afraid that it is, as regards sea water. 

Senator Casr. They are not going to desalt sea water. 

Mr. Jenxrns. Not to my knowledge. If so, that is something 
brandnew, and I feel sure that it won’t occur at 30 cents a thousand 
gallons. 

Senator Casr. Was a paper presented by them at this conference ? 

Mr. Jenxtns. Yes, sir. 

Senator Casr. What was the name of that conference ? 

Mr. Jenxtns. That was our conference held jointly with the Na- 
tional Research Council, National Academy of Sciences. We called 
it “Symposium on Saline Water Conversion.” 

Senator Case. Do you have a copy of the program of that con- 
ference ? 

Mr. Jenkins. Yes, sir. 

Senator Anperson. Do you think this plan, if a model of it were 
constructed in this country, would have any appeal to the problems 
that the Senator from South Dakota is concerned about? You see, 
this bill of his provides for the construction of a plant in the Great 
Plains area to test this out. If the Dutch think enough of it and the 
South Africans think enough of it to go ahead and build pretty fair 
size plants, say $2 million for this project alone, what is wrong with 
our taking a small flyer in this area to see what it can do? 

Mr. Jenurns. I do not think there is anything wrong with it. 
That would be a good thing to do. 

Senator Anperson. That is what his bill requires. The Depart- 
ment is recommending against this bill. 

Mr. Jenxtns. I do not believe we need $5 million to do this. 

Senator Anprerson. The Senator from South Dakota is an econ- 
omizer. I have seen him in action in both the House and Senate. 
He will not insist on spending $2 million if the job can be done with 
less. 

Mr. Aanpanu. The Department recommendation is not against a 
pilot plant of that kind. 

Senator Anperson. Do I understand these South Africans who 
have put $2 million in it are building a pilot plant ? 

Mr. Jenxrns. They consider this to be a production plant, I be- 
lieve. I understand they have carried on $2 million worth of pilot 
work. 
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Mr. AanpAnL. That takes in an entirely different field. 

Senator Cass. Are we talking about the paper that was presented 
by Mr. Volckman of the National Chemical Research Laboratory, 
of Pretoria, and W. H. Mayers, of Johannesburg ? 

Mr. JENKINS. Yes, sir. 

Senator Case. The paper was entitled, “Ion Selective Membrane 
Research and Electrodialysis Engineering Development in South 
Africa.” 

Mr. Jenkins. Yes, sir. 

Senator Case. You heard the paper presented ? 

Mr. Jenxins. I did not hear the paper. One of my staff was in 
charge of that session. He is here today, Dr. Gillam, and he can report 
on it if you like. 

Senator Anprrson. You know about it, Mr. Jenkins? 

Mr. Jenxins. Yes. I did not attend that particular session. 

Senator Case. Are you sure it was not for the treatment of sea 
water? Do you have a copy of the papee here ? 

Mr. Jenkins. I have a copy of the abstract of the paper. The paper 
will be published by the National Research Council in the near fu- 
ture. 

Senator Cass. If it is an abstract and it is only 1 or 2 pages, I 
wonder if we cannot place it in the record ? 

Senator Anperson. Yes, I think it can be placed in the record at this 

oint. 

(The paper referred to follows:) 


Ion SELECTIVE MEMBRANE RESEARCH AND ELECTRODIALYSIS ENGINEERING DEVEL- 
OPMENT IN SOUTH AFRICA 


By O. B. Volekman and W. H. Moyers 


From mid-1953 onward, work has been carried out in South Africa to develop 
the electrodialysis process to meet specific water-desalting problems. 

It was realized early that the economics of the process in South Africa were 
very dependent on the availability of ion-selective membranes having satisfac- 
tory cost and life factors. Lack of adequate field trials and data on membrane 
life indicated the desirability of developing membranes with production costs 
so low that a lifetime of only 6 to 12 months would still be economic. Extensive 
development work by the South African Council for Scientific and Industrial 
Research led to the production of a range of cheap anion and cation selective 
membranes suitable for brack water desalting. This work was carried out in 
parallel with a project to develop an electrodialysis plant to desalt, at an 
economic price, the many millions of gallons of brack water pumped up daily 
from the Orange Free State gold mines. 

In 1954 a group of gold mining companies headed by the Anglo American 
Corporation of South Africa, Ltd, sponsored the SACSIR development work 
which led to the field operation by the mining companies and the SACSIR of 
a 24,000 imperial gallons per day pilot plant from August 1955 to June 1957, and 
culminated in the decision by the mining companies to erect a 3 million imperial 
gallons per day plant to the designs of the SACSIR for operation in April 1958, 
using the membranes developed by the SACSIR and being made by the Permutit 
Co., England. 

The background to the work is briefly reviewed followed by a section on the de- 
velopment of cellulose-based membranes. This is followed by an account of the 
development of this work with special reference to operating experience and 
plant design. 

More recent work has been concerned with the development by the SACSIR 
of small units for use on farms and in remote areas. The progress of this work 
is also reported briefly. 
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Senator Case. The urgency of this problem, it seems to me, is 
greater than I feel the Department of the Interior is letting itself 
realize. 

Now, I know there are policy questions related to budgetary prob- 
lems and so forth, but there was a table presented to the Senate Com- 
mittee on Public Works which gave these figures on the increased 
water requirements in the United States in terms of billions of gallons 
per day in the United States. In 1900 we required 2 billion gallons 
per day for rural and farm use. In 1955 it was 5.4 billion. That is 
21% times, more than 214 times as much. 

The municipal requirements in 1900 was 8 billions per day. In 
1955, the municipal requirement was 17 billion gallons per day. That 
is almost six times as much. 

The steam-power requirement in 1900 was 3 billion gallons per day. 
In 1955 it was 42 billion gallons per day. That is over eight times as 
much. 

The private industrial requirement in 1900 was 10 billion gallons per 
day. In 1955 it was 55 billion gallons per day. That is 514 time as 
much. 

The irrigation requirement in 1900 was 25 billion gallons per day. 
In 1955 it was 110 billion gallons per day. That is over four times as 
much. 

That totals up to these figures : 

The requirement in 1900 was 45 billion gallons per day. In 1955, 
229.4 billion gallons per day. 

The projected use, the Senate Committee on Public Works was 
advised, the projected use based on the trend of our industry and 
civilization indicates a total 1975 requirement of 377 billion gallons 
of water per day. That is 377 billion gallons against 229 billion in 
1955. The year 1975 is not so far away. The increase of that 150 
billion gallons of water per day is itself more than 3 times what the 
total use was in 1900. 

This geometric increase in the demand for water is against a basic 
supply which is constant unless we increase it by the storage of water 
or by the utilization of waters, or making waters usable which are 
not now usable. 

So it seems to me that there is a great deal of urgency in this pro- 
gram and I would hope that these hearings might demonstrate that 
and bring it home to the Members of Congress who are not aware of 
it and also to the folks in the Bureau of the Budget and to the people 
in the Department of the Interior who have to pick and choose and 
make conforming policy. 

Senator Anperson. I appreciate what you have just said. 

I call attention to the fact that in this little committee print which 
we put out, the memorandum on the saving water conservation prob- 
lem, we indicated the per capita use of water in 1900 for industrial 
purposes being 197 gallons and estimated that about 1975 it will be 
1,193. Already in 1950 it was over 300. It has been moving very 
rapidly from here on out. 

I have the same fear that the Senator from South Dakota has, that 
we are not tuned in to the speed with which this water problem is 
developing. It is developing very, very rapidly, and we ought to be 
testing devices of every kind that seem to offer promise. 
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If this process which seems to appeal to these people in the Union 
of South Africa is promising, we ought to either try that or try some- 
thing similar to that on a large enough scale so that we learn more 
than we have learned from the plant that operated a short time in 
Miller, and a short time in Arizona, and then went into cold storage 
in Denver and it virtually went into cold storage. A thousand hours 
in 3 years is not much use. 

Mr. Jenkins. May I make a comment? 

Senator Anperson. Yes. 

Mr. Jenxrns. In my office, we have tried to follow the polias which 
has been laid out in the beginning by our advisers and those with 
whom we conferred, of working on processes that need further devel- 
opment and when someone else with private funds takes over and 
develops something, that merely helps us conserve our little appro- 
priations for other purposes. 

Now, this has occurred, you see, with the Dutch and the South 
African work and even the Ionics work where they have placed equip- 
ment in commercial production. We have not felt that it was neces- 
sary expenditure of our very small appropriation to duplicate what 
they were doing. We used it for other purposes. 

eaten Awnperson. I appreciate you have to follow your advisers, 
but I cannot help but express the hope that your advisers do not get 
you in the same category as the man who swallowed his spoon and 
thereafter could not stir. 

I am sure I hope this thing starts to move around here. I do not 
feel it has moved very fast. 

Here is this brackish water subject. You say this process seems to 
be the best, yet you have not done anything in the way of trying to 
were the machinery that was put into the plant 4 years ago. 

‘here are improvements in other parts of the world. Nobody has 
looked at them. There are claims being made steadily that these 
things can be reduced and can work. 

I think you may need a lot more money but I think you are going 
to have to ask for it. This problem is likely to be extremely serious. 

As I say, I do not believe it is as expensive as we think because 
it might solve our other problems which are also expensive. It is 
not exactly cheap to develop some of the water systems that are 
now being proposed. There was a time when I do not believe the 
Subcommittee on Reclamation of the Interior Committee ever was 
presented with a problem on municipal water supply. Yet as we 
well know, we have reported out a few bills that are almost entirel 
municipal water supply, something unheard of in the history of this 
committee. 

I think something is needed in that direction. 

Do you have any testimony on sea water, Mr. Jenkins? What do 
you think is developing in sea water? Are there processes there that 
are not being adequately tested in this country ? 

Mr. Jenkins. Not that we know of. There is this one very at- 
tractive process on which we are working. We have referred to it 
as the W. L. Badger long tube vertical distillation process. We have 
discussed that earlier today. Dr. Badger will refer to that at some 
length later. 
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Then there is an adaptation of what is known as the flash distillation 
rocess, in which warm water is used in a single-stage flash operation. 
e have advanced that with the cooperation of Griscom-Russell Co. 

I believe they will report at these hearings. 

On that process we believe that the next step is definitely the design 
and construction of a pilot plant. That would be a large plant. It 
is not adaptable to small plants. I do not know how large; Griscom- 
Russell can say. 

Senator Awnverson. How soon do you think they could build such 
a plant? 

r. JENKINS. It depends on whether there is a need for the water 
at a particular place that can pay the cost 

Senator Anperson. Tell me what you think is a fair price for water 
at a particular place where they can pay 

Mr. Jenxrns. This process gives promising 

Senator Anperson. No. You always go off on the theory you do 
not know whether they can afford to pay for water. What 1s your 
yardstick of what they can afford to pay for water? What do you 
think would be an attractive price? How much per thousand gallons 
on the west coast of California ? 

Mr. Jenxins. We have used as a yardstick the maximum prices 
known to be paid for municipal raw water in quantities, not bottled 
water or water shipped in during drought. 

Senator ANnpErson. Give me a figure. I want pennies. 

Mr. Jenkins. That is about $100 an acre-foot. 

Senator ANpEerson. Now you are off from the thousand gallons. 

Mr. Jenxrns. Thirty cents a thousand gallons. 

Senator Anperson. Senator Kuchel, do you think there are any 
municipalities in California that would be interested in a cost a little 
bit more than that? 

Senator Kucuen. Let me say this. I have been trying to think 
of the projects which this committee and the Congress have approved 
for California under which at the moment Congress is annually 
appropriating great sums. 

We have under construction the Trinity River project that is a 
quarter of a billion dollars. We have before this committee a bill 
to provide for the construction of a reservoir, $300 million. We have 
in various parts of the State a 30-million-gallon Ventura project. We 
have two water projects in Santa Barbara County. 

The amounts of the Federal expenditures I do not know. The 
State legislature is at the moment faced with a $1,500 million project 
which represents but a piece of an $11 billion program. 

I must say that the basic problem without whose solution we can- 
not support our economy is that of water and, yes, there is no question 
that costs must be comparative, Mr. Chairman. I have an idea that 
if we did not have any water we would be willing to pay for anything 
that would provide water. 

Senator Anperson. You have towns where they are hauling it in in 
tank cars. 

Senator Kucuen. Even today. I am quite enthusiastic in sup- 
port of this type of legislation. I do not see in regard to our peace- 
time problems in America where we could spend money more wisely 
than in this field. 
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Senator Casr. Mr. Chairman, on that cost, I think my home town 
of Custer, which is a small town, you pay a dollar and a half and you 
get 2,000 gallons. For each additional thousand gallons you pay 50 
cents. That, of course, is for the water as they get it. 

But you take in a community where they have a comparable water 
rate they are paying that for hard water that requires detergents to 
use for laundry purposes or acts up on the plumbing, 30 cents per 
thousand gallons to convert that into soft water would be regarded 
as cheap. 

Senator Anperson. I also say you have to take some of these 
chances. I asked a scientist how long would it have taken to have 
built the original atomic bomb if we had tested every step as we went 
along. He said we would have done it in 75 years easily. But we 
had to do it in 38. They took a lot of chances. If it had not worked 
there might have been some red faces. 

Mr. Aanpaut. I do not think the statement that Mr. Jenkins made 
was fully responsive to the thought in mind when you asked the 
question, when do you think we might have a pilot plant on the flash 
evaporation process. 

I do not think our determination to go ahead with the pilot plant 
would depend on whether or not there was a market for the water 
at the price that this process might produce it at. The thing I would 
be concerned about is whether or not that process had the possibility 
of showing some marked improvement on other processes or the way 
in which the process had been used before and the next pilot plant 
there may be just an intermediate step in getting to the goal of pro- 
duction of water at the low price that we ultimately want. 

Senator Anperson. Yes, Mr. Secretary. To prove that—I seem 
to be in a one-track mind this morning—I go to the Shippingport 
reactor which has just been turned on in Pennsylvania, the cause of 
great pride to everybody. It was supposed to cost $37 million. It 
got up to $55 million, and then $70 million. I think the total cost 
is going to be $100 million if all the costs were attributed to it. The 
current from it is going to run 90 mills per kilowatt-hour. They 
could have generated the same current for 7 or 8 mills, probably a 
little less than that in the Ohio Valley, but for some unaccountable 
reason they though it worthwhile to build a plant that cost $50 mil- 
lion more than the 30 or 35 million dollars estimated. It is going to 
produce power far beyond the cost of ordinary power, and the Federal 
Government is going to have all that power piped into the lines of 
the Duquesne Power & Light Co. and charge them only what it 
would have cost if they had used steam. They must be wanting to 
develop something and they are willing to pay a big price to develop 
it. 

I do not question that. I commend it. It seems to me that if this 
plant you are talking about might not produce water as cheaply as 
we would hope to produce it, we would learn something out of its 
construction. 

If you just checked what happened to the plant that was built in 
the Senator from California’s home State by Pacific Gas & Electric, 
when they got through with this small atomic plant they discovered 
it would not generate what they thought it would but possibly almost 
twice as much as they thought it would. It is more promising than 
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they ever dreamed and so they have offered to build a 60,000-kilowatt 
plant. The engineers think it is a very foolish proposition. They 
think they should build a 200,000-kilowatt plant because the things 
they learn as they go along develop so rapidly that they believe it is 
going to be possible to do things they badly need. 

I think we need a little bit of that enthusiasm, whether it is the 
problem of brackish water in one part of the country, and I am pretty 
sure we need it in the development of domestic water from seawater. 

I think that the appropriations which you have listed here, Mr. 
Secretary, showing that the growth of appropriation is rather slow, 
that you asked for $1,195,000 for fiscal year 1958, only got $725,000 
from the Congress, may be due to the fact that the Congress thinks 
you were not bold enough and gambler enough in taking chances. 

This year, the House approved $785,000. You got about what you 
asked for. If you wish to go faster than that you should ask for 
more, and I think you are going to take some chances. I believe 
they want to see some plants built and I know the Senator from South 
Dakota and I would like very much to see different things tried in 
a sizable plant. 

It undoubtedly will cost some money. It undoubtedly will not 
come down to the lowest possible figure, but the day will come when 
these engineers and scientists will have an idea and come in saying, 
“I know another way to do it” and the price will come down. We 
need it badly in the United States. We can avoid a lot of nasty fights 
over waterholes in the West if we can get this done. We can eliminate 
some interstate competition and intrastate in the great State of 
California. 

Senator Kucuent. Maybe I can have less bruises after each session 
of Congress. 

Senator Anperson. I know what you go through on each project. 
I think that is important. I do think that certain areas of the United 
States are having a population ceiling put on them right now by 
their water situation. If we could change that I think it would be 
very much worthwhile. 

Mr. Aanpant, I would like to say, Mr. Chairman, I am thoroughly 
in accord with that point of view. 

As you notice by that statement I am definitely recommending that 
we proceed with pilot plant testing and go into larger pilot plant as 
our experience justifies. It is for that reason that I wanted to modify 
the limited answer that Mr. Jenkins gave. 

I do not think our pilot-plant construction should be dependent on 
immediately reaching the ultimate goal. We have to have some inter- 
mediate steps. 

Senator Kucner. Let me ask you this. If the Congress felt that 
there was a need for a rapid increase in the research and development 
in this field and if the Congress therefore were to approve one or 
both of these bills, could you not indicate to the committee that the 
Department would acquiesce in the feeling that Congress might have 
in taking such action ? 

Mr. Aanpant. I would say that as far as I am concerned, person- 
ally, I would be very appreciative of any incentive that the Congress 
might give to the research and development work in saline water. 

Senator Kucueu. I want to say, Mr. Chairman, that this is a re- 
sponsibility which the Congress now can face up to. Here are two 
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pieces of legislation which you two gentlemen have introduced. I 
would hope that we could spread on the record the indispensable neces- 
sity for congressional action and I am sure that the Secretary has 
indicated a cooperation to proceed. 

Senator Anperson. I am convinced that the Secretary of Interior 
is just as friendly toward the idea as you are, Mr. Secretary. 

Mr. Aanpauu. There is no question about that at all. 

Senator ANnpErson. I am happy that the two of you have taken 
that position. 

The communication from Senator Knowland that I referred to 
earlier will be placed in the record at this point. 

(The letter referred to follows :) 


LeTrer From SENATOR WILLIAM F’. KNOWLAND 


UNITED States SENATE, 
COMMITTEE ON APPROPRIATIONS, 
March 20, 1958. 
Hon. CLINTON P. ANDERSON, 
Chairman, Senate Subcommittee on Irrigation and Reclamation, 
Senate Interior Committee, Washington, D. C. 


Dear Mr. CHAIRMAN: The Nation’s daily consumption of water used for all 
purposes has increased tremendously since the turn of the century. The in- 
creased need for water occasioned by our rapidly growing population, expanding 
industries, and developing agriculture has lifted per capita consumption three- 
fold since 1900. By 1975 it is estimated that the figure will rise by another 
100 per cent. 

Availability of good water in plentiful quantity has been responsible to a great 
extent for the material progress of the United States since the Nation’s 
beginnings. 

While nearly every community in the country originally was well supplied 
with water resources, today many centers are increasingly concerned by present 
and potential problems resulting from dwindling water supplies. 

Congress in 1952 recognized and responded to the danger, by voting funds 
for a special study to determine methods for processing the unlimited waters 
of the seas, and of inland brackish sources, so as to render them fit for human 
consumption and for industrial and agricultural uses. 

This work, conducted by the Office of Saline Water Research in the Department 
of the Interior, has developed several methods for converting presently unusable 
waters and although some of these methods have shown more promise of practical 
application than others, none of them has yet been tested on a large-scale 
basis. 

I welcome this opportunity to join with others who, appearing before this 
subcommittee, perceive the importance of furthering the testing of saline- 
conversion methods and I am glad to join in urging the Congress to immediately 
authorize the establishment of pilot-conversion plants to accomplish this ob- 
jective. With demands upon the national water supply increasing every day, 
we must not lose any opportunity now available to improve our experimentally 
developed processes to see whether they can be utilized on an economically 
feasible basis. Success in such efforts would far outweigh, through eventual 
benefits to our entire economy, the investment of the $10 million required to 
set up and operate this project. 

For this reason and because the 14 million citizens of my State of California 
are foremost among those Americans acutely concerned with the disastrous 
consequences of limited and vanishing water supplies, I support the legislation 
before this subcommittee, Senate bill 3370 and Senate Joint Resolution 135, 
which together propose that there be established one or more full-scale demon- 
stration plants “for the production of water suitable for agricultural, industrial, 
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municipal and other beneficial consumptive uses, through the utilization of the 
most promising saline-water conversion processes currently under study in 
the Department of the Interior.” 
Sincerely yours, 
WiLiiAM F’. KNOWLAND. 


Senator Anperson. Congressman Teague has sent a letter enclosing 


a series of telegrams from Santa Barbara which, unless they dupli- 
cate the ones put in already by the Senator from California, will go 
in the record at this point. 

(The documents referred to follow :) 


LETTER FrRoM CONGRESSMAN CHARLES M. TEAGUE 


House Or REPRESENTATIVES, 
Washington, D. C., March 20, 1958. 
Hon. JAMES E. Murray, 
United States Senator, Chairman, Committee on Interior and Insular 
Affairs, United States Senate, Washington, D.C. 


Dear SENATOR Murray: It is my pleasure to transmit to the Senate Commit- 
tee on Interior and Insular Affairs for inclusion in the record of hearings on 
Senate Joint Resolution 135 the attached telegrams from (1) Mid-Coastal Coun- 
ties State Water Plan Board, over the signature of J. E. Lewis, clerk of said 
board, and (2) Santa Barbara County Water Agency, over the signature of 
C. W. Bradbury, chairman. 

I heartily endorse the representations presented in these two wires. 

Respectfully submitted. 

CHARLES M. TEAGUE, 
Member of Congress. 


SANTA BARBARA, CaLir., March 19, 1958. 
Congressman CHARLES M. TEAGUE, 
House of Representatives, 
Washington, D. C.: 


We urge your favorable support of the following communication sent this 
date to G. W. Lineweaver, committee assistant, care of Senator Clinton 
Anderson : 

The undersigned, Mid-Coastal Counties State Water Plan Board, which is an 
official agency of and represents the California counties of San Luis Obispo, 
Santa Barbara, and Ventura, urges the passage of Senate Joint Resolution 135 
providing for conversion of sea water. 

This board further urges the construction of said conversion plant in 1 of the 
3 above-mentioned coastal counties for the following reasons: 

1. The said three counties have developed and are using all available sources 
and supplies of water within the area and are experiencing a rapid growth in 
population, agricultural, and industrial development for which it is vitally 
necessary that additional sources of water be developed. 

2. There are extensive military installations in the area of the three coun- 
ties among which are Camp Roberts and Cambria Air Force radar station in 
San Luis Obispo County, Oxnard Air Force Base, Point Hueneme Naval Base, 
and point Mugu Naval Missile Base in Ventura County, and the great new missile 
base being developed at Cooke Air Force Base in Santa Barbara County which 
base alone will require, according to the officers in charge, 5 million gallons of 
water per day. In addition, an Air Force radar station is planned for Santa 
Barbara County which will require approximately 100,000 gallons per day. Also, 
numerous defense industries in this area are drawing heavily on our overtaxed 
limited water supply. 

We again respectfully urge that the proposed sea water conversion facilities 
be located in the area of the aforementioned coastal counties. 

Mip-CoastaL CountTIES STATE WATER PLAN BOArp, 
By J.B. Lewis, Clerk of Said Board. 
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Santa Barpara, Cauir., March 19, 1958. 
Congressman CHARLES M. TEAGUE, 


House of Representatives, Washington, D. C.: 


We urge your favorable support of the following communication sent March 17, 
1958, to G. W. Lineweaver, committee assistant, care of Senator Clinton Ander- 
son. 

The Santa Barbara County Water Agency regrets that due to the shortness 
of time it is unable to take advantage of your kind invitation to appear and 
present testimony on Senate Joint Resolution 135 and respectfully requests that 
this telegram be accepted in evidence as its testimony. 

This agency is a political subdivision of the State of California empowered 
to provide a water supply for the land and inhabitants within the county of 
Santa Barbara. 

The agency has been informed that Senate Joint Resolution 135 contemplates 
an experiment in salt-water conversion in the State of California from which 
some quantity of potable water may be derived. 

We wish to respectfully suggest the reasons why the county of Santa Barbara 
is a suitable site for said plant. 

The county of Santa Barbara is located on the south central coast of Cali- 
fornia. It has an estimated present population of 125,000. The climate is semi- 
arid and water supply is, and always had been precarious, being dependent 
entirely upon the occurrence and amount of local rainfall which is gathered, 
when it occurs, in surface and subsurface storage facilities. The rainfall is 
characterized by alternate cycle of wet and dry seasons. In dry cycles acute 
shortages are experienced which have necessitated drastic rationing of water. 

The economy of the county is agricultural, light industrial, residential and 
oil production. The principal agricultural crops are citrus, avocados, and vege- 
tables. 

The county of Santa Barbara has been experiencing the phenomenal popu- 
lation growth of southern California with consequent increased demand for water. 
Local water sources have been fully exploited and no outside source of supply 
is available. 

All these circumstances are fully set forth in House of Representatives Docu- 
ment 587 prepared by the United States Bureau of Reclamation in connection 
with its Santa Barbara County water plan. 

As part of this plan, the Bureau of Reclamation has completed the Cachuma 
project at a cost of $43,360,000. Returnable from revenues from the sale of water 
to the Santa Barbara County Water Agency. 

The supply from this project is to be obtained by impounding and distributing 
the winter flows of the Santa Ynez River by means of Cachuma Dam. This dam 
has a maximum capacity of about 205,000 acre-feet of water. About one-third 
of that amount is now in storage. 

Cachuma Dam is located about 45.7 miles upstream from the mouth of the 
Santa Ynez River. The Santa Ynez River runs from east to west, paralleling 
the Pacific coast, but separated therefrom by the Santa Ynez range of mountains. 
The mouth of the river is at the Pacific Ocean and within area of the Cooke Air 
Force Base. 

The water to be obtained from Cachuma project has been allocated by the 
California State Water Rights Board among users in Santa Ynez Valley and the 
coastal region, including the city of Santa Barbara. In the testimony of the 
United States Bureau of Reclamation before the State water rights board it was 
estimated that under most favorable circumstances the supply available from 
the Cachuma project will fail to meet the ultimate needs of its users. The esti- 
mated ultimate shortage is 20,610 acre-feet per year. 

There is no other available source from which this deficit can be compensated. 

A major consumer of Santa Ynez River water is the permanent Cooke Air 
Force Base located west of the city of Lompoc. The officer in charge of the 
engineering facilities estimates the peak requirements of the base at 5 million 
gallons of water per day. This is equal to the consumption of a city of approx- 
imately 30,000 people. 

Though most of the area of the Cooke base is beyond the watershed of the 
Santa Ynez River its present supply is derived from wells in the riverbed. 

Since the base is a permanent installation, an adequate water supply is essen- 
tial. This additional demand will impair the supply available for civilian use 
from the common source of supply. 

Conclusion: The location of the proposed salt-water conversion plant in the 
county of Santa Barbara will best serve the public interest, national and local. 
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(1) Any water derived therefrom will benefit the national defense by contrib- 
uting to the water supply of Cooke Air Force Base. 

(2) Such additional supply will lessen the gravity of the civilian water supply 
shortage in the area, which is recognized by the United States Government to 
be acute. 

(3) Since storage is presently available in the United States Bureau of Recla- 
mation Cachuma Reservoir the cost of providing storage for the converted water 
will be avoided. 

It is respectfully urged that the conversion project be located in the county 
of Santa Barbara, Calif. 

Signed: C. W. Brappury, 
Chairman, County Courthouse, Santa Barbara, Calif. 

Senator Anperson. Mr. Secretary, would it suit you if we called the 
general witnesses this afternoon and then came back with questions 
of the Geological Survey and the Bureau of Reclamation, unless they 
have prepared statements. 

Mr. Aanpant. I think they are prepared to make an oral summary 
of what has been submitted by either, I believe yesterday. That in- 
formation was a little late in coming up. 

Senator Anperson. What I thought, Mr. Secretary, was that many 
of these witnesses have come from out of town. I thought we might 
take them this afternoon and tomorrow. Then if we wanted to go 
back to the Bureau of Reclamation for additional testimony we do it 
against a better background and information already supplied us 
by these general witnesses. 

Mr. Aanpauu. We will be glad to come back at the wishes of the com- 
mittee. 

Senator Anpverson. If you are tied up at your office, Mr. Secretary, 
you need not come back. 

The meeting will then adjourn until 2 o’clock and Mr. Kennedy, 
Harold Kennedy, county counsel of California, will be the first witness 
and others may find out from Mr. Lineweaver about when they will 


be called. 
(At 12:20 p. m., a recess was taken until 2 p. m.) 


AFTERNOON SESSION 


Senator Anperson. The hearing will be in order. 

Mr. Kennedy ? 

Would you state for the record your name and your connection with 
the Los Angeles area ? 


STATEMENT OF HAROLD W. KENNEDY, COUNTY COUNSEL OF THE 
COUNTY OF LOS ANGELES, AND ATTORNEY FOR THE LOS ANGELES 
COUNTY FLOOD CONTROL DISTRICT 


Mr. Kennepy. Mr. Chairman, my name is Harold W. Kennedy. I 
am the county counsel, that is, the county attorney for the county of 
Los Angeles and attorney for the Los Angeles County Flood Control 
and Conservation District. 

I am here appearing before this committee in support of Senator 
Anderson’s resolution 135, upon the unanimous vote of all five of the 
members of the Los Angeles County Board of Supervisors. I am a 
little unhappy with the role in which I am placed in being the first 
general witness. I have debated as to the approach I should take to 
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the matter. I have concluded that I will not have fulfilled my assign- 
ment as far as the Los Angeles County government is concerned un- 
less I speak quite frankly here this afternoon. 

I would like to say as a prelude that I have been a longtime career 
man in government and I am always happy when I can agree with 
my colleagues in government. As a public law officer, trained in 
moderate statements, I do not like to speak critically of representatives 
of any unit of government, but I feel that I will not have fulfilled 
my responsibility against the backdrop of the tremendous interest 
in this problem in Los Angeles County in California, and throughout 
the arid West if I don’t say rather frankly that I was greatly dis- 
appointed, somewhat shocked, at the testimony that was presented 
by the Office of Saline Waters and by the Department of Interior here 
this morning. 

It would be presumptuous on my part to get out of my field of the 
law and public policy and engage in a discussion as to the technical 

hases of | this problem. But in the preparation of my paper, which, 
Mr. Chairman, I ask be incorporated in the record in full—it is 
only 9 pages in addition to my supplementary statement—I had be- 
lieved that my role would be to support the Department in their ap- 
proval of going forward for this comparatively modest amount of 
money to build a demonstration plant for the purpose of making 
further progress in the technology of converting sea water. 

I must state that, as pointed out by Senator Kuchel of California, 
whom we respect and admire and whom I have worked with since 
he first was a member of the California Legislature, that we are 
taking this water problem pretty seriously in California. One of 
the assignments of the county counsel is the legislative representative 
of the county, both at Sacramento and in Washington. Therefore, 
for 314 years I have been intensively engaged in an attempted solu- 
tion of California’s water problem, working with the county board’s 
problem, and have spent a good many hours in connection with 


it. 

Why do I say that? Because by way of background as to the 
importance that we attach to your resolution, there were some statistics 
given here this morning by Senator Kuchel. I believe the Senator 
made reference to some. I secured from the statistical division of 
one of our county departments, before leaving, the present estimated 
population of Los Angeles County. We are crowding 6 million peo- 
ple—14,317,000 in all of California—every day coming to Los Angeles, 
not as tourists or to visit but to stay, it is estimated about 529 peo- 
ple. That is 15,000 a month. 

Put it in terms of an annual figure it is around 187,000 people. 
e = equivalent to the 1950 population of a city the size of Salt 

e. 

And so just to simplify it, every year, because we are in the sweep 
of that vast industrial empire, whether we like it or not, we are 
going to get a population equivalent to a city the size of Salt Lake 
in Los Angeles County alone. 

Los Angeles County, as we meet here today, is larger in population 
than 39 separate States of the Union. And so you see we cannot 
do anything other than make sure that for the future, when this 
explosive growth line crosses the line of diminishing returns, and 
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where there is a need for supplemental water, we must be sure, from 
one source or another, that we have that water. 

Senator Anperson. I wonder if I may break in with a personal 
question. 

In 1935 I had Los Angeles County as one of my areas of respon- 
sibility in connection with Mr. Hopkins’ Federal relief administra- 
tion. One of our projects was known as the Hyperion storm sewer. 
It was so big and bulky that a lot of people said it was way, way be- 
yond the needs of the community. Has it proved to be ? 

Mr. Kennepy. It is entirely inadequate. Sewage is one of the 
pressing problems along with all the other growing pains. 

Senator Anverson. In other words, what was way too big for Los 
Angeles and bound to be impossibly too large is already too small, and 
you are adding a city of the size of Salt Lake, or the expanded popula- 
tion of Albuquerque which finally after many years got up to 180,- 
000; you add one like that every year and digest it in Los Angeles 
County ? 

Mr. Kennepy. Yes, sir. So, you see, a county with that popula- 
tion, with a budget of $565 million with 35,000 employees, building 
a $300 million freeway program costing more than a million dollars 
a mile, does not think that $10 million for a demonstraton plant to 
desalt the Pacific is comparatively very much money. 

By way of example, the Caifornia Legislature just last week—and 
I think that your joint resolution can take credit for 335,000 of it— 
there had already been put in the budget for the University of Cali- 
fornia’s division studying this problem, $86,500. Last week the 
Finance Committee, against a backdrop of economy, added another 
$335,000, making in the aggregate $421,500 for the continued study 
of sea-water conversion. 

Just to show the feeling of the people with respect to this matter, 
the interesting sequence of events that took place since the introduc- 
tion of your resolution on the 9th day of January, immediately there- 
after the board of supervisors, as I have recited, went on record 
firmly supporting this resolution, instructing the county counsel to 
support it, and sending to all of the members of the congressional 
delegation from California a copy of the board’s resolution. 

Then within a few days there was introduced in the California 
Senate, on February 4, 1958, by Senators Robert I. McCarthy, of San 
Francisco, and Senator Richard Richards, of Los Angeles County, 
Calif., Senate Joint Resolution No. 4, making reference to Senator 
Anderson’s resolution, and then reciting: 

Whereas the county of Los Angeles has transmitted to Senator Anderson a 
request that southern California be chosen as the site of the proposed demon- 
stration plant; and 

Whereas southern California is probably the most logical place in the country 
for the location of such a plant, in view of its coastal location and its urgent 
need for water to supplement its supply from other sources: now, therefore, 
ia by the Senate and Assembly of the State of California, jointly, 
That the Legislature of the State of California respectfully memorializes the 
President and the Congress of the United States to take the necessary steps 
to make southern California the site of the proposed $10 million sea-water 
conversion test plant. 

The point to be emphasized there, they assumed, as a matter of 
policy, that the money would be made available by the Congress 
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and that there would be a demonstration plant placed someplace, and 


the point of inquiry in this resolution, assuming that to be in evidence, 
is: Where shall we put it ? 

And then we have received a whole deluge of letters, requests, and 
soon. It may be of surprise to the author of the resolution. I read 
from the Antelope Valley Ledger-Gazette, Wednesday, March 12, 
1958, under the heading: “Ask $10 Million Sea Water Plant for Ante- 
lope Valley” that “B. P. Glenn, Lancaster Chamber of Commerce 
secretary-manager, this morning confirmed that the groundwork has 
been laid for the location of the plant in Antelope Valley.” 

So, you see, Senator, the people are really ahead of the thinking here 
today in this committee. 

Then a letter from the retiring president of the Calabasas Chamber 
of Commerce, Mr. E. J. Smith, pointing out seriously that the logical 
place is along the Malibu coast, and making the argument that the 
water, if demonstrated there, would be put to beneficial use. I would 
like that letter inserted in the record. 

(The letter is as follows :) 


LeTTerR From E. J. SmitH, RETIRED PRESIDENT, CALABASAS CHAMBER OF 
COMMERCE 


CALABASAS, CALIF., March 17, 1958. 
Mr. Harotp KENNEDY, 


Washington, D. C. 


Dear Sir: I am writing on behalf of the citizens of the Las Virgenes area of 
Los Angeles County. On February 25 the proposal to form the Las Virgenes 
Municipal Water District passed by a substantial majority. The district has 
not yet been certified; consequently, the newly elected directors cannot yet 
speak for the area. 

We feel that this area, along with Malibu and Topanga, have the greatest 
need for water and the location to utilize a salt-water conversion plant to 
the greatest advantage. The construction of such a plant on the Malibu coastal 
area would enable this whole retarded area to develop for the greatest good for 
Los Angeles County. Therefore, we ask that you make an effort to secure the 
proposed Federal funds (for the construction of a salt-water conversion plant) 
for the Las Virgenes, Topanga, Malibu areas. 

I am enclosing a map of the Las Virgenes Municipal Water District to give 
you a clear picture of our area. 

A point that we feel should be taken into consideration in regard to the loca- 
tion of this plant is the fact that the Las Virgenes area will be a reception area 
in the event of any major disaster in Los Angeles. We would have thousands 
of displaced people to take care of, and probably the major water-supply lines 
for the Los Angeles metropolitan area would be disrupted. Another point is 
periodical great property loss caused by fire in the mountains of the area. A 
water supply through the area would enable the Los Angeles County Fire De- 
partment to more easily control such fires, saving millions of dollars in fire 
damage. 

Anticipating your cooperation, we hope for great success in your mission to 
Washington. 

Respectfully, 
E. J. SMITH, 
Retired President, Calabasas Chamber of Commerce. 


P. S.—It is my understanding that the purpose of appropriating Federal funds 
to build a demonstration salt-water conversion plant is to prove the practical 
use of this method of solving water problems in the United States. Many islands 
in various parts of the world are now being supplied water by use of salt-water 
conversion. Catalina Island would merely be another such use. Our area 
using salt-water conversion would be a major step in proving the practical use of 
this process on the mainland. 

E. J. SMITH. 
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Senator Anprrson. I think I should say that at the conclusion of 
your remarks I would like to put into the record a telegram from 
Agoura in which he says: 

The Malibu region could serve a much more heavily populated area of Los 
Angeles that is without water. 

And a wire from Ear] S. Bennett, living in the same community, 
which I thought was a blunt as a telegram could be. He said, 
addressed to me: 

Demonstrate some horsesense, Senator. Put that salt-water conversion plan 
on the Malibu coastline. 

I assume that is a very direct and forthright expression of the 
feelings of the matter. 

Those telegrams and several others addressed to me and the staff 
will be included in the record at the end of your remarks. 

If your statement was at all vigorous, you would have to only turn 
to the House hearings of the Subcommittee on Appropriations, the 
House of Representatives, starting at page 43, and there are about 
10 pages there in which I would say that they were a little bit im- 

atient, and a little rough on the office, perhaps, of saline water, 
facies more headway has not been made. 

I think the only thing I would try to prove by it is that Congress 
would agree in general with the position that you have taken, that 
we ought to do something with this, building a plant, and get on with 
it. I am surprised as you are when we seem to sense that there are 
individuals who seem to think we must take it very, very slowly and 
be sure of every step before we take it. I don’t believe the water 
problem of California is going to wait and that there may be other 
areas of the country that will be similarly affected. 

Mr. Krennepy. Philosophically we are in the same situation that 
the city and county of Los Angeles was in way back when that great 
engineer, William Mulholland, was pioneering in the Owens Valley 
and in the Colorado River. They had before the people what at that 
time was a large bond issue with respect to bringing water down from 
the Owens River. He said very bluntly, “If you don’t get the water, 
you won’t need it.” 

I think to seek to attach an economic feasibility report to this 
$10 million, and take the position that because Mnistenibalty you could 
not justify the $10 million for X gallons of water or X acre-feet that 
it was not both wise and prudent to go forward, it seems to me it is 
almost like saying what is the price of a glass of water to an enriched 
gold miner at a water hole who is dying of thirst. 

In other words, all of these things are comparative. I don’t want 
to overdramatize the situation but it is the responsibility of people in 
Government to furnish the leadership to have facilities ready when 
they are needed, and we cannot, and will not, permit the tragedy to 
happen in California. 

I should also at this point make it clear, because in the enthusiasm 
in the press and elsewhere that came out of your resolution many 
people were afraid that it would be misinterpreted at Sacramento 
and in Washington; that the county of Los Angeles, in supporting 
this, was cooling off with respect to its rights on either the Colorado 
River or the Feather River, and that is not the case. 





SALINE WATER CONVERSION 59 


In other words, we believe we must develop our water resources 
from their most logical sources, and the nearest cheapest place to get 
supplemental water in southern California is from the Feather River. 
625 miles away. We have already processed our people to spend 
$1,600 million for that one project and started immediately to talk 
about building a project on the Klamath or the Eel. The thing we 
have to be sure about is whenever this explosive growth line does 
cross the diminishing returns line, that the water is there. So we 
feel that this measure setting up this money in a very practical way 
makes progress in that situation. 

We feel that the thing that is needed is an aggressive action pro- 
gram, and that that $10 million expenditure of public money is very 
good insurance to protect against a catastrophe. 

I would like to make reference to an article by a man who stands 
very well in the scientific field in California, Prof. Jack E. McKee, 
professor of sanitary engineering, California Institute of Technology, 
in the article which he calls Desalting the Pacific, and it has recently 
been reprinted in the Engineering and Science Monthly for Febru- 
ary of 1958, published at the California Institute of Technology. 
When I have finished reading three paragraphs from it I will hand 
it to the clerk for such purposes as you will need for the record. 

I think this is somewhat in point, in view of the testimony here 
this morning: 

Certainly, the desalting of sea water is one of the most challenging and fasci- 
nating problems ever faced by scientists and engineers. Until recently, its 
solution was not too urgent; but with increasing pressure from population 
growth throughout the world, and with larger and larger per capita use of 
fresh water as our civilization becomes more industrialized, the problem has 
been brought into sharp focus. 

In military activities, where expense is not a consideration, the desalting of 
sea water is a practical and accomplished fact * * * 

On Iwo Jima, during World War II, the entire supply of drinking and cooking 
water for more than 30,000 Army, Navy, and Marine personnel was produced 
by various types of distillation units. This method of producing fresh water 
is also used aboard many ships. 


Then going further: 


Distillation units are already employed for municipal water supply where no 
other sources are available. At Curacao in the Dutch West Indies, a population 
of 45,000 is supplied with fresh water by a 6-stage evaporator having a capacity 
of 770,000 gallons per day. At Kuwait on the Persian Gulf, and at Aruba, near 
Venezuela, similar distillation units are employed to supply these oil-producing 
communities. Even in California, the Pacific Gas & Blectric Co. distills 144,000 
gallons per day of fresh water from the ocean. * * * 

Then going over to the last paragraph of this article, under “Con- 
clusions,” reading from page 6: 

By technological improvements, it is remotely conceivable that desalinization 
of sea water can be accomplished for $125 to $150 an acre-foot in the next 5 or 
10 years * * * 

Senator Anperson. That is about the figure that the Office of Saline 
Water used this morning, wasn’t it, the Assistant Secretary, about 
$125 an acre-foot, as a possible feasible level? So apparently the pro- 
fessor agrees that that is a goal that could be reached within the next 
5 or 10 years. 

Mr. Kennepy. That is what he says. 

And then, if you compare that, Senator Anderson, with the esti- 
mated cost of the Feather River water brought 625 miles at the intake 
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at the distribution point in Los Angeles County, they are thinking in 
terms of at least $45 to $50 an acre-foot. 

And so if, on the basis of the technological improvements referred. 
to by Professor McKee, the cost of water as we know it in California 
does not seem to me that to be thinking in terms of water at from 
$125 to $150 an acre-foot is too far away from getting it off of the 
drafting board out of the trailer unit like they had at Denver, and 
into a demonstration plant that will show from a practical standpoint 
engineeringwise, economically, comparative cost data evaluations, 
what you can do. 

I am a little confused as to the breaking point between research, 

r se, a pilot plant, per se, and a demonstration plant. I just don’t 

now where the framework of those different categories would be. 
But as far as the representatives of Los Angeles County are concerned, 
we stand firmly in support of this appropriation. 

I had 2 or 3 other references which I would like to make. 

(The above-mentioned article entitled “Desalting the Pacific,” is 
on file with the committee. ) 

Mr. Kennepy. Also included in my instructions at the request of 
the city of Avalon, Catalina Island, I wish also to place into the 
record the offer that has been made by the people of the city of 
Avalon to enthusiastically embrace as a joint enterprise the building 
of such a plant on Catalina Island. It would be completely within 
Congressman Cecil King’s H. R. 11405, which is designed after Con- 
gressman Engle’s bill and would make a joint enterprise between the 
Federal Government and the State of California for such project. 

Senator Anperson. Would you mind if I read a portion of Mr. 
Engle’s statement ? 

Mr. Kennepy. I hadn’t seen Mr. Engle’s statement; it just got over 
this morning. 

Senator Anperson. He said: 

I noticed, Mr. Chairman, that one of the approaches listed in your announce- 
ment of these hearings related to desalting of sea water in coastal areas in 
cooperation with State and local agencies. I was particularly interested in this 
because it constitutes the major difference between your bill, on which these 
hearings are being held, and the bill I have introduced. 

In my opinion, the State of California has a greater interest in this program 
than any other State or area of the Nation at the present time simply because 
the water situation there is more critical and because California’s future 
economy depends so heavily upon an adequate supply of water. The California 
Department of Water Resources has a special unit working in this field and sev- 
eral committees of the California Legislature are also studying the matter. 

For this reason, it seems to me that a joint venture between the Federal 
Government and the State of California would be appropriate, with the cost 
being borne equally between the two. I believe that the State of California is 
able and willing to join the Federal Government in this undertaking, and I 
expect complementary legislation to be introduced in the State legislature. 

Would you wish to comment on the possibility that this might be- 
come a joint venture? 

Frankly, I did not put it in a joint-venture category because I was 
not trying to prejudge where such a plant should be built. 

I have a feeling that there may be people in New York that may 
want someday to look at the possibility they may need more water, 
and there may be a great many other cities along the Atlantic sea- 
coast that feel that way about it. I myself have been greatly attracted 
to the desirability of perhaps doing this near Los Angeles and, as I 
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have previously indicated, went so far as to ask the Atomic Energy 
people to see if there should not be a possible combination between 
those two, because you know a tremendous lot of atomic energy re- 
search is now going on in California. 

We rely a great deal upon your institutions. I thought I would 
like to have any comments you would care to make on this. 

Mr. Kennepy. I would like to make one further comment with 
respect to the argument that Avalon advocates, and I think it is 
sound, 

As I have already said, I don’t think we need to look at the economic 
feasibility of the cost of this water. Actually its purpose would be 
served even in an area where there was a present adequate supply of 
supplemental water, where the water serves the purpose of proving 
to a lot of people that it was reasonably potable, that you could grow 
some vegetables with it, and that the mineral salts that were left in 
it after the salts were taken out were not too heavy but what you 
could still, say, grow some alfalfa. 

And so, in Avalon, they having a dire need for water now, the money 
would be well spent because they immediately would put to a beneficial 
use economically the water that was produced. 

As far as California law is concerned, all that would be necessary 
would be for the California Legislature to pass an enabling statute 
that would authorize any city or county or any special district such as 
a water district to make that a legal expenditure of public money to 
join with the Federal Government or the State in a joint project. 

My appraisal of the political situation, public-policywise, would be 
that there is so much interest in it that the California Legislature 
would be right for taking such action, and it would not be a difficult 
thing at all. 

The resolution by Senators McCarthy and Richards was unani- 
mously approved and enthusiastically endorsed and widely commented 
upon by the press in California. And so I think it is a very practical 
thing because it would then assure that as a partner in the program a 
legal entity was enthusiastic about it and would join with the kederal 
Government, with the Department in such a proposal. 

I am sure that you will be getting letters from many other places. 
Some of my friends in Ventura County that have been working on it 
phoned me and asked me to state also that Ventura County would be 
pleased to be considered as a possible location for a site. 

In my concept I think the important thing is to get the money for a 
demonstration plant somewhere, and not get in a quarrel and let the 
thing crack up because there were many petitioners for the locale of 
the site. 

In closing my statement, I would like to read a portion of my paper. 
I would like to add a philosophic observation. 

If we go back over Arnold Toynbee’s dismal recital of the long his- 
tory of government and study comparatively the approximately 20 
civilizations that have come into being and survived maybe for cen- 
turies, and then pass from the historical scene, a detailed study will 
show that some of them passed from the historical scene because they 
ran out of water. 

I testified earlier this week in behalf of Los Angeles County for an 
air-pollution control device, on the economics of this thing. The 
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figures are fresh in my mind. In 9 years, in public and private 
money, in Los Angeles County alone, we have spent $73 million to get 
cleaner air. 

Water is our No. 1 problem in California and in Los Angeles 
County. So in our thinking this $10 million that is being asked for in 
Senate Joint Resolution 135 doesn’t appear to be comparatively very 
big to people who on October 1, 1957, junked millions of dollars worth 
of incinerators because they couldn’t burn rubbish in their backyards 
any more. 

We forced, by reasonable rules, industry to spend $49,500,000 in a 
9-year period to be in strict compliance. So if we are willing to spend 
that for cleaner air, I believe that you will find universal support for 
spending $10 million to get more water. 

Senator Anperson. Couldn’t we say, in view of the fact that if the 
$10 million resulted in a good plant, that that plant would benefit not 
only the area in which it would have to be built but any other area 
similarly situated on either coast of this country, or on any coast of 
any other country ? 

r. Kennepy. Yes, sir. 

Senator Anperson. And that there may be areas of the earth, where 
we are trying our very best to get agreement and understanding and 
appreciation of the American way of doing things, that might be very 
happy to have a system whereby they could obtain good drinking 
water from the ocean ? 

Mr. Kennepy. Yes, sir. I think in a very realistic way, of the 
money projects that are being considered by Congress, here is one that 
has less aspects of provincialism, because whatever is done will bene- 
fit peopie everywhere. 

Pursuant to the unanimous instructions of the five members of the 
board of supervisors of the county of Los Angeles, as county counsel 
and legislative representative for the county, I am appearing in behalf 
of Senate Joint Resolution 135 providing for the construction by the 
Department of the Interior of a demonstration plant for the produc- 
tion from the sea or other saline waters, of water suitable for agricul- 
tural, industrial, municipal, and other beneficial consumptive uses. 

Along with many citizens and leaders in California, the board of 
supervisors of the county of Los Angeles is genuinely interested in 
the possibilities of desalting sea water from the Pacific Ocean and 
making it available for domestic, industrial, and agricultural use. In- 
dicative of this interest was the instruction given to me by the board 
of supervisors some months ago to contact leaders in the field of sea- 
water conversion and engineering companies engaged in the manufac- 
ture and construction of sea-water conversion equipment in the belief 
that California’s great need for water dictated following every pos- 
sible source. 

On January 22, 1958, the county counsel received the following in- 
struction from the board of supervisors: 

At the meeting of the board of supervisors on January 21, 1958, Supervisor 
Hahn called attention to Senate Joint Resolution 135 which calls for an appro- 
priation of $10 million for a prototype plant for conversion of sea water to fresh 
water. An order was adopted instructing you to communicate with the mem- 


bers of the proper committee and the California congressional delegation and 
inform them of the board’s concurrence. 
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The board of supervisors of Los Angeles County again on March 11, 
1958, reaffirmed its former interest in Senator Anderson’s Senate Joint 
Resolution 135 and instructed me to accept the invitation extended by 
Senator Anderson and appear at the hearing of the Subcommittee on 
Irrigation and Reclamation of the Committee on Interior and Insular 
Affairs and actively support the Federal appropriation of $10 million 
for the express purpose of building a sea water conversion demonstra- 
tion plant for the production of fresh water from salt water. 

In the meantime as unusual interest had been shown on the part 
of the citizens of the city of Avalon, located on Santa Catalina Island, 
20 miles off the Los Angeles County coast, on motion of Supervisor 
Burton W. Chace, chairman of the board of supervisors, and repre- 
senting the city of Avalon, the county counsel was further instructed 
to place on record with the subcommittee of the Congress and with 
the Office of Saline Water in the Department of the Interior the hope 
that the city of Avalon that such demonstration plant would be 
located on Santa Catalina Island, Santa Catalina Island is one of 
the best known and most beautiful resorts in the world, and its growth 
and development and economy have been restricted largely because 
of the lack of an adequate supply of fresh water. 

The people in the city of Avalon make the logical argument that to 
build a demonstration plant would put such water as was converted 
to an immediate beneficial use, in addition to an opportunity to prove 
its potability to a very large number of people, as well as demonstrate 
its usefulness for domestic, industrial, and agricultural purposes. 

Therefore, it is the official position of the county of Los Angeles 
that it strongly advocates and supports such an appropriation for the 
purposes set forth in Senate Joint Resolution 135. 

In common with mankind in general, the 514 million people in 
Los Angeles County and the approximately 14,317,000 people in Cali- 
fornia (recently estimated and based upon figures from the United 
States Census Bureau, the director of finnace of the State of Cali- 
fornia, and the California Taxpayers Association) are intrigued as 
people have been for centuries in the possibilities of looking to the in- 
exhaustible sea as a source of supply for fresh water. 

In accordance with the Board’s desire that information be furnished 
to them and to the people of Los Angeles County respecting the engi- 
neering and economic possibilities of the conversion of sea water, 
during the past 6 months I have conferred with the following author- 
ities and experts in the field of sea water conversion and sea water 
conversion engineering : 

1. Mr. David S. Jenkins, Director of the Office of Saline Water, 
Department of the Interior ; 

2. Mr. Everett Howe, professor of engineering, University of Cali- 
fornia at Berkeley ; 

3. Mr. Jack E. McKee, professor, sanitary engineering, California 
Institute of Technology ; 

4. Mr. Harvey O, Banks, director, Department of Water Resources, 
Sacramento. 

And with official representatives of: 

1. Maxim Silencer Co., of Hartford, Conn. ; 

2. The Griscom-Russell Co., of Massillion, Ohio; 

3. Cleaver-Brooks Co., of Milwaukee, Wis. 
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The problem is aptly stated by Prof. Jack E. McKee, of the Cali- 
fornia Institute of Technology, in his article, Desalting the Pacific. 

Certainly, the desalting of sea water is one of the most challenging and fas- 
cinating problems ever faced by scientists and engineers. Until recently, its 
solution was not too urgent ; but with increasing pressure from population growth 
throughout the world, and with larger and larger per capita use of fresh water 
as our civilization becomes more industrialized, the problem has been brought 
into sharp focus. 

There appears to be considerable agreement among the experts that 
from an engineering standpoint it is practical to desalt sea water by 
several known methods; that there are several sizable communities 
throughout the world that are almost entirely dependent upon con- 
verted sea water; that successful sea water conversion ae been under- 
taken by sea borne units (where fuel was immediately available and 
cost no item) but that it would be unrealistic to claim that at the pres- 
ent time sea water could be considered economically practical to com- 
pete with the normal and conventional sources of supply. At least as 
far as California is concerned, everyone who has studied the problem 
clearly understands that in no sense can sea water be considered in com- 
petition with water from the Owens River Valley, the Colorado River, 
the Feather River, or the North Coastal Basin of California—such as 
from the Eel or Klamath Rivers. 

However, this does not mean that the time has not arrived for a 
demonstration of the most likely engineering method or methods in 
order that further progress may be made in man’s determination to 
ultimately get water from the sea. It is within that philosophy that the 
board of supervisors of the county of Los Angeles is giving active 
support to Senator Anderson’s proposal in the belief that out of such 
a demonstration plant further scientific and engineering data will be 
secured, comparative cost prices developed, and a gr eat deal more 
learned about the economic practicability of sea w ater conversion. 

In giving such encouragement, the county of Los Angeles is mindful 
that in several instances in the past ridiculously low prices have been 
quoted for desalting sea water. It, therefore, shares the view taken 
by the Department ‘of the Interior’s Office of Saline Water that it is 
important to standardize methods of computing costs, to take into 
account maintenance, depreciation, and interest on the capital invest- 
ment, as well as power or heat costs. The argument, therefore, can be 
made that out of a demonstration plant as conceived by § Senator An- 
derson will probably come very valuable data both on the engineering 
and economic side. 

We support as a wise and practical expenditure the sum of $10 
million or such amount as is adequately necessary for such a demon- 
stration plant, having in mind the spirited controversy that is going 
on among the experts as to whether or not it would be better to spend 
such an amount in further scientific research in the hope of finding “a 
scientist’s break-through” in this field. 

Our position is that the activities of the Office of Saline Water in 
the exclusively scientific field should be continued and supported, but 
that as a supplemental activity a practical demonstration is also 
required. 

Like all pioneering efforts in the field of sea water conversion, in- 
creasing encouragement has come as the technology has improved. 
In support of Senate Joint Resolution 135, it might be recalled that 
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until a few years ago, research in the desalting of sea water was 
sporadic and uncoordinated. 

In 1952, however, the Congress of the United States recognized the 
importance of this problem and passed Public Law 448. T ‘his action 
authorized the Secretary of the Interior to develop practical low- 
cost means of producing from sea water, or from other saline waters, 
fresh water of a quality suitable for agriculture and for industrial, 
municipal, and other beneficial consumptive uses. 

The initial appropriation was $2 million for a 5-year period, ex- 
tending to June 1957. The last Congress extended the program for 
an additional 5 years and has increased the money value of the re- 
search to a total of $10 million or $2 million per year. To assist the 
Secretary of the Interior in broad police y methods, an advisory group 
was named consisting of nine highly qualified persons in various fields 
related to the program. 

It is a matter of common knowledge that the active and diligent 
program developed by Mr. David S. ‘Jenkins, director of the Office 
of Saline Water of the Department of the Interior has made great 
progress in the whole field. Therefore, it is logical at the present 
time to make this comparatively modest sum of money available for 
the location, construction and maintenance of an adequate demon- 
stration plant for the production of fresh water. Surely, such a 
demonstration plant would justify itself for the reasons already re- 
cited as being in the best interest of the people of the United States. 

Attention of the Subcommittee on Irrigation and Reclamation is 
respectfully called in the interesting sequence of events taking place 
in California and elsewhere subsequent to the introdutcion by Senator 
Clinton P. Anderson of Senate Joint Resolution 135 on January 9, 
1958. As already recited, the board of supervisors of Los Angeles 
County approved the measure on January 22, 1958. On February 4, 
1958, there was introduced by Senators Robert I. McCarthy and 
Richard Richards in the California Senate Joint Resolution No. 4 
reading as follows: 

Whereas Senator Clinton P. Anderson, of New Mexico, has recently made a 
request in Congress for an appropriation of $10 million for the construction of 
a full-scale demonstration plant for the production from sea water of water 
suitable for agricultural, industrial, municipal, and other beneficial consumptive 
uses through the utilization of the ionic-membrane process or 1 of the 3 most 
promising saline-water conversion processes currently under study in the De- 
partment of the Interior ; and 

Whereas the county of Los Angeles has transmitted to Senator Anderson a 
request that southern California be chosen as the site of the proposed demon- 
stration plant; and 

Whereas southern California is probably the most logical place in the country 
for the location of such a plant in view of its coastal location and its urgent 
eae for water to supplement its supply from other sources: Now, therefore, 
2 10 

Resolved by the Senate and Assembly of the State of California, jointly, 
That the Legislature of the State of California respectfully memorializes the 
President and the Congress of the United States to take the necessary steps to 
make southern California the site of the proposed $10 million sea water conver- 
sion test plant; and be it further 

Resolved, That the Secretary of the Senate be directed to transmit copies of 
this resolution to the President and Vice President of the United States, to the 
Speaker of the House of Representatives, and to each Senator and Representa- 
tive from California in the Congress of the United States. 
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On February 10, 1958, Congressman Clair Engle introduced H. R. 
10606 in the House of Representatives, a similar bill to supplement 
the Saline Water Act of 1952, providing for construction of a large- 
scale demonstration plant for the production of fresh water from 
salt water. 

Congressman Engle’s bill makes the very practical proposal that 
would authorize the Secretary of the Interior to negotiate and enter 
into agreements with the State of California for the construction and 
operation of a large-scale conversion plant designed to produce not 
less than 10 million gallons of fresh water per day. 

His bill further provides that the demonstration plant may be con- 
structed in combination with a steam electric powerplant or a nuclear 
reactor as the source of thermal energy, if it is determined that such 
addition will result in the reduction of conversion costs. This is 
wise, of course, as the big expense item in sea water conversion is 
the cost of power or energy. 

In order that there may be no misunderstanding as to the position 
of the county of Los Angeles it should be cautioned that in no sense 
are we of the opinion that practical and economic sea-water conver- 
sion is near enough to think in terms of substituting a sea-water 
conversion project for the presently contemplated $1,500 million 
Feather River project already approved by the California Legisla- 
ture. Neither should those outside of California gain the impression 
that California in any respect is receding in its insistence upon its 
rightful share of water from the Colorado River. 

The official position of the county of Los Angeles could be sum- 
marized as follows: 

1. The county is interested in keeping accurately and intelligently 
informed respecting all possible sources of water in this field. 

2. The county dents recognizes that the technological and eco- 
nomical aspect of sea-water conversion to date do not justify even 
remotely considering it as a substitute for the Feather River project 
or any other statewide projects planned for the reasonable future. 
The county of Los Angeles is interested in having further engineer- 
ing and economical experimentation engaged in by public and private 
agencies, and we believe—I will add parenthetically—that the addi- 
tional activities or the present activities of the Office of Saline Water 
should continue to be supported, but that this be a separate and 
distinct project. 

3. The board of supervisors did on January 21, 1958, officially 
endorse Senator Anderson’s Senate Joint Resolution 135 calling for 
an appropriation of $10 million for a prototype plant and further 
experimentation in the conversion of sea water to fresh water, and 
the county counsel was instructed to communicate with and advise 
members of the California delegation of the county’s interest in the 
matter. 

4. Southern California has been built on a desert, or at least on 
the edge of a desert. It is destined inevitably to become a vast indus- 
trial empire. Because it has a great need for domestic water, and 
has agriculture and industry, Los Angeles County particularly would 
be an exceptionally good place to demonstrate the practical use of 
sea water. I believe that your records will show that application 
has already been made by the city of Avalon, the Malibu area on 
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the Los Angeles coast, and the counties of Ventura and San Diego 
that consideration be given by the Office of Saline Water to such 
sites as meeting all of the essential requirements. The important 
thing, of course, is to build an adequate demonstration plant at some 
logical place. I am sure that the benefits conceived by the sponsors 
and supporters of this bill would be fruitful irrespective of where 
the test was made. 

Looking at the problem in its broadest and deepest aspects and hav- 
ing in mind the great explosive growth that is taking place in Cali- 
fornia and throughout the world, aggressive steps must be taken to 
assure that sufficient supplemental water will be developed to prevent 
the taps running dry kms the explosive growth line crosses the point 
of limited water supplies. 

We must not forget that in the long history of man that civilization 
started at a stream, and that a study of the civilization that have come 
into the world during its 6,000 years of recorded history shows several 
of them passed from the historical scene because of an exhausted water 


supply. 

That, however, is in the past, but I believe that Senator Anderson 
was looking toward the future when on January 9, 1958, on the floor 
of the Senate he explained his concept of the far-reaching effect which 
a successful sea-water conversion program would have upon our rela- 
tions with other nations; where he pointed out the decided attractive- 
ness of this program to nations in the Middle East and that “a contri- 
bution to the water supply in that part of the world might be of vastly 
greater long-range importance than the arming of the various nations 
with atomic weapons * * *.” 

I am sure that many Americans will agree with him that “wars can 
be ne aside, policies neutralized, and bargains made when water is at 
stake.” 

Senator Anperson. Thank you very much, Mr. Kennedy, for your 
statement. You have given me quite a lift by your comments. 

(The telegrams and communications referred to by Senator Ander- 
son are as follow :) 

TELEGRAM FRoM Ear §. BENNETT 
AGouRA, CA.LIFr., March 18, 1958. 


Senator CLINTON ANDERSON, 
United States Senate, Washington, D. C.: 
Demonstrate some horsesense Senator. Put that salt-water conversion plan on 
the Malibu coastline. 
Ear 8. BENNETT. 


TELEGRAM FROM PETER TEWKSBURY 


AGourA, CALir., March 18, 1958. 
Senator CLINTON ANDERSON, 
United States Senate, Washington, D. O.: 

Suggest more thought be given to location of proposed Catalina salt-water 
conversion plant. Plant in Malibu region could serve much more heavily popu- 
lated area northwest of Los Angeles that is now virtually without water. Latter 
is only direction Los Angeles can expand but growth now stymied by water 
starvation. 

PETER TEWKSBURY. 
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TELEGRAM F'rRoM AVALON CATALINA CHAMBER OF COMMERCE 


Lone Beacu, Carir., March 18, 1958. 
Senator CLINTON ANDERSON, 


Washington, D. C.: 

We strongly urge favorable consideration of bill H. R. 11405, any other plan 
to locate pilot salt water conversion plant on Santa Catalina Island. Unique 
island location will eliminate local rivalries inevitable if mainland location 
chosen. Value of water produced will be greater here. Ideal environment for 
project of experimental nature. Need here is immediate—southern California 
peak shortage years in future. We strongly urge consideration on its merits 
of locating a salt water conservation plant on Catalina Island. 


AVALON CATALINA ISLAND CHAMBER OF COMMERCE. 





TELEGRAM FROM MIDCOASTAL COUNTIES STATE WATER PLAN BOARD 


SANTA BARBARA, CALIF., March 19, 1958. 
G. W. LINEWEAVER, 
Committee Assistant, 
Care of Senator Clinton Anderson, 
Senate Office Building, Washington, D. C.: 


The undersigned Midcoastal Counties State Water Plan Board, which is an 
official agency of and represents the California Counties of San Luis Obispo, 
Santa Barbara, and Ventura, urges the passage of Senate Joint Resolution 135 
providing for conversion of sea water. 

This board further urges the construction of said conversion plant in 1 of the 
3 above-mentioned coastal counties for the following reasons: 

1. The said three counties have developed and are using all available sources 
and supplies of water within the area and are experiencing a rapid growth in 
population, agricultural and industrial development for which it is vitally neces- 
sary that additional sources of water be developed. 

2. There are extensive military installations in the area of the three counties 
among which are Camp Roberts and Cambria Air Force Radar Station in San 
Luis Obispo County, Oxnard Air Force Base, Point Hueneme Naval Base, and 
Point Mugu Naval Missile Base in Ventura County, and the great new missile 
base being developed at Cooke Air Force Base in Santa Barbara County, which 
base alone will require, according to the officers in charge, 5 million gallons of 
water per day. In addition, an Air Force radar station is planned for Santa 
Barbara County which will require approximately 100,000 gallons per day. Also, 
numerous defense industries in this area are drawing heavily on our overtaxed 
limited water supply. 

We again respectfully urge that the proposed sea water conversion facilities 
be located in the area of the aforementioned coastal counties. 

MipcoastaL CouNnTIES STATE WATER PLAN Boarp, 
By J. E. Lewis, Clerk. 





TELEGRAM F'RoM SANTA BARBARA (CALIF.) COUNTY WATER AGENCY 


SANTA BarsBARA, Cauir., March 17, 1958. 
G. W. LINEWEAVER, 
Committee Assistant, 
Care of Senator Clinton Anderson, 
Senate Office Building, Washington, D.C.: 

The Santa Barbara County Water Agency regrets that due to the shortness 
of time it is unable to take advantage of your kind invitation to appear and 
present testimony on Senate Joint Resolution 135 and respectfully requests that 
this telegram be accepted in evidence as its testimony. 

This agency is a political subdivision of the State of California empowered to 
provide a water supply for the land and inhabitants within the county of Santa 
Barbara. 

The agency has been informed that Senate Joint Resolution 135 contemplates 
an experiment in salt water conversion in the State of California from which 
some quantity of potable water may be derived. 
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We wish to respectfully suggest the reasons why the county of Santa Barbara 
is a suitable site for said plant. 

The county of Santa Barbara is located on the south central coast of Cali- 
fornia. It has an estimated present population of 125,000. The climate is 
semiarid and water supply is and always has been precarious, being dependent 
entirely upon the occurrence and amount of local rainfall which is gathered, 
when it occurs, in surface and subsurface storage facilities. The rainfall is 
characterized by alternate cycles of wet and dry seasons. In dry cycles acute 
shortages are experienced which have necessitated drastic rationing of water. 

The economy of the county is agricultural, light industrial, residential, and oil 
production. The principal agricultural crops are citrus, avocados, and 
vegetables. 

The county of Santa Barbara has been experiencing the phenomenal population 
growth of southern California with consequent increased demand for water. 
Local water sources have been fully exploited and no outside source of supply is 
available. 

All these circumstances are fully set forth in House Document 587 prepared 
by the United States Bureau of Reclamation in connection with its Santa Barbara 
County water plan. 

As part of this plan the Bureau of Reclamation has completed the Cachuma 
project at a cost of $43,360,000 returnable from revenues from the sale of water 
to the Santa Barbara County Water Agency. 

The supply from this project is to be obtained by impounding and distributing 
the winter flows of the Santa Ynez River by means of Cachuma Dam. This dam 
has a maximum capacity of about 205,000 acre-feet of water. About one-third 
of that amount is now in storage. 

Cachuma Dam is located about 45.7 miles upstream from the mouth of the 
Santa Ynez River. The Santa Ynez River runs from east to west paralleling the 
Pacific coast, but separated therefrom by the Santa Ynez range of mountains. 
The mouth of the river is at the Pacific Ocean and within area of the Cooke Air 
Force Base. 

The water to be obtained from Cachuma project has been allocated by the 
California State Water Rights Board among users in Santa Ynez Valley and the 
coastal region including the city of Santa Barbara. In the testimony of the 
United States Bureau of Reclamation before the State water rights board it was 
estimated that under most favorable circumstances the supply available from 
the Cachuma project will fail to meet the ultimate needs of its users. The 
estimated ultimate shortage is 20,610 acre-feet per year. 

There is no other available source from which this deficit can be compensated. 

A major consumer of Santa Ynez River water is the permanent Cooke Air 
Force Base located west of the city of Lompoc. The officer in charge of the 
engineering facilities estimates the peak requirements of the base at 5 million 
gallons of water per day. This is equal to the consumption of a city of approxi- 
mately 30,000 people. 

Though most of the area of the Cooke Base is beyond the watershed of the 
Santa Ynez River its present supply is derived from wells in the riverbed. 

Since the base is a permanent installation an adequate water supply is essen- 
tial. This additional demand will impair the supply available for civilian 
use from the common source of supply. 

Conclusion: The location of the proposed salt-water conversion plant in the 
county of Santa Barbara will best serve the public interest, national and local. 

(1) Any water derived therefrom will benefit the national defense by con- 
tributing to the water supply of Cooke Air Force Base. 

(2) Such additional supply will lessen the gravity of the civilian water-supply 
shortage in the area which is recognized by the United States Government to 
be acute. 

(3) Since storage is presently available in the United States Bureau of Recla- 
mation Cachuma Reservoir the cost of providing storage for the converted water 
will be avoided. 

It is respectfully urged that the conversion project be located in the county 
of Santa Barbara, Calif. 

C. W. BrapBury, 
Chairman, Courthouse, Santa Barbara, Calif. 
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Senator AnpErson. Our next witness is Mr. Fritz Lawaetz, and Mr. 
Boreham. Mr. Lawaetz is chairman of the public works committee, 
Virgin Islands. 

I am glad to welcome you, particularly as you are chairman of the 
Public Works Committee of the Virgin Island Senate. 


STATEMENT OF FRITZ LAWAETZ, CHAIRMAN, PUBLIC WORKS COM- 
MITTEE, VIRGIN ISLANDS SENATE, ACCOMPANIED BY DONALD 
BOREHAM, COMMITTEE OF PUBLIC WORKS, VIRGIN ISLANDS 


Mr. Lawaetz. I have before me two statements that have been pre- 
sented to this committee. One deals with potable water, by your as- 
sistant, Mr. Lineweaver—one that you are familiar with. The other 
was presented by Mr. Anthony Lausi, Director of Territories, and 
deals with water problems on St. Thomas, V. I. These two state- 
ments go into the details of the water problem of the island of St. 
Thomas. 

Mr. Boreham, who is the commissioner of public works and has all 
the records, will be able to inform you of the different costs and 
expenses. 

(Mr. Boreham presented the following table :) 
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Mr. Lawaerz. As you know, under the organic act of 1954, certain 
amounts of moneys were given to the legislature and the people of 
the Virgin Islands for such things as schools, roads, Loneda, 
et cetera. However, due to our economic difficulties in the islands, it 
became necessary to take from this money approximately half a mil- 
lion dollars during the fiscal year 1956-57 to transport water into 
the island of St. Thomas. 

With the large influx of tourists, industry is coming into the 
islands, The former way of getting water by catchment was inade- 
quate, and it was necessary for us to bring in water from Puerto 
Rico, about 50 miles away. 

In the island of St. Croix, my island, where I am chairman of the 
soil-conservation board, we have solved some of our water problems 
by building dams, to which Congress has so graciously given us con- 
tributions each year. These dams have helped us to raise the water 
table in this island, and we have been able to support the population 
and get water for our industries, as well as for the large influx of 
tourists into our islands. 

However, we find, even in St. Croix, places where we have not been 
able to find saltless water, where private people are building distilla- 
tion plants. There is one person who built a plant last year, the first 
experimental plant of its kind in St. Croix, with a capacity of about 
1,200 gallons a day. We do not know how satisfactory it will be. 

On the island of St. John, where the Caneel Bay development, 
tourist resort, sponsored by Mr. Rockefeller, they are putting up a 
distillation plant that will produce 15,000 gallons a day. However, 
in the island of St. Thomas, an island with a very rapid runoff, we 
find from the soil-conservation viewpoint that it is nearly impossible 
to retain water in earth dams, as the structure of the material is very 
porous and not suitable for dams. It has, therefore, become necessary 
to look into other phases of getting water for our area. 

We took the runway and used that as a catchment area to help 
supplement some of the water. However, we have been faced with 
severe drought during the last 2 years, with a rainfall of only about 
27 inches. And the rainfall coming off in a period of 2 or 3 weeks, 
that fills all available catchments, and often the water may run off 
from the runway without having sufficient capacity to hold it in. 

We have had the Navy come in in emergencies to help us bring in 
water when our barge could not take care of the needs. 

As you may know, the Interior Department has an agency over 
there known as the Virgin Islands Corporation, that runs our power- 
plant and also runs the sugarcane industry of the island of St. Croix 
that went into bankruptcy in 1930. 

The power situation in St. Thomas has shown up to be very badly 
in need of improvement. It was the thinking of the Interior and, as 
a matter of fact, of the Virgin Islands, that, if we could get a plant 
into the Virgin Islands that would be a dual-purpose one generating 
electricity and at the same time distilling water, at a cost of about 
$2 million, this could probably solve our problem. 

Not knowing the cost of such an operation, it will be necessary 
when we meet in April, if Congress will see fit to give this money, 
that we will pass legislation to find how we can make this work eco- 
nomically whereby the island pays its share of expenses. 
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Senator Anperson. I don’t seem to remember exactly what it was, 
but a very short time ago someone mentioned the fact that in, I think, 
Los Angeles, in connection with some new electrical plants, there 
will be a large amount of water distilled. 

Mr. Lawaetz. The plant that was suggested to us by the Depart- 
ment of the Interior will produce up to about 200,000 gallons a day, 
which is about what is used at the present time. However, we have 
large catchments and other facilities where we could store about 12 
million gallons. So, if there should be a small surplus beyond the 
250,000 gallons that we are probably using today, we will have storage 
to put in this additional water. 

As you also know, we are located right at the seashore and the Navy 
has a base down there to which they would also come in during emer- 
gencies if water is needed. 

It would be our intention to put this factory up at the base, which 
has been turned over to the Virgin Islands Corporation at this time, 
where we have filtration plants and a majority of our storage tanks. 
I think, with this in mind, Mr. Boreham can probably give you better 
detail of the actual cost in the community from day to day. 

As I said before, we have had to pull from the funds that you al- 
located to us for public-works improvement so as to keep the people 
supplied with water. We have done this with very water-conscious 
people. Sometimes in the streets, where the poorer class of people get 
water, we only open the valves for a few hours a day when we are run- 
ning short of water, so that the bulk of tourists that come to our is- 
lands—that is our economy, as you may know—may not leave us be- 
cause they couldn’t get a bath. 

Senator Anperson. Mr. Boreham ? 

Mr. Borenam. I would like to add a few statistics to the statement 
made by Senator Lawaetz, based on records that we have kept ac- 
eurately over the last 2 years. As you know, the population of St. 
Thomas is about 14,000 people, not including tourists that come and 
go. I would like to submit at this time a map of the submarine base 
in St. Thomas, showing the location of where the new plant could be 
built, and its relation to our underground storage tanks. It is within 
a quarter mile of where the plant could go. 

(The map referred to was filed with the committee.) 

Mr. Borrnam. Consumption of water has been increasing by leaps 
and bounds, primarily due to the improvement in the standard of liv- 
ing, plus the influx of tourists. 

From actual records ~~ by the department of public works, water 
consumed from the so-called public potable water-supply system in 
fiscal year 1954 amounted to 3314 million gallons. 

In fiscal 1955, it had jumped to 41 million gallons. 

In 1957, that jumped further up to 5334 million gallons. And for 
the first 8 months of the current fiscal year we have already consumed 
39 million gallons, which means that we will probably use about 60 
million gallons this year. 

As a result of the terrific drought of the last few years, we have 
been forced to haul water from the island of Puerto Rico. We get it 
from the naval base at Roosevelt Roads. 

In 1954 fiscal year, the rainfall, which closely approached the aver- 
age, was 44 inches. In 1955 it was 4314 inches. And, in 1957, one of 
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the worst droughts we have ever had, the annual rainfall dropped to 
2734 inches. 

For the current fiscal year, the first 8 months, we have only had 
2714 inches of rainfall, and we are now in our dry period. Chances 
are we will get practically no more rain before the hurricane season, 
which starts in July. 

To supplement such water as we could catch from our catchment 
areas, of which there are 35 acres, and a storage capacity of 12% 
million gallons, we have been obliged to haul water not only by our 
own barge and tug, but we have had to rent commercial carriers to 
bring it in. 

In the fiscal year 1956, which was a comparatively wet year, we 
only had to haul in 6,600,000 gallons. 

Senator Anperson. How much has that water been costing you 
that you hauled in? 

Mr. Borenam. At the time about $6.25 a thousand gallons, and that 
does not include the cost of processing and distribution. That. is 
merely the cost of picking it up in Puerto Rico and pumping it into 
our system. 

Senator Anprrson. So that 30 cents a thousand gallons would be 
a step in the right direction, wouldn’t it? 

Mr. Borenam. We would hardly believe it, Senator. 

Senator Anperson. Even if it took a little while to get there, it 
would be all right. Would you be at all interested in a portion of 
a plant that supplemented what you already had? 

Mr. Borrnam. Yes, sir. 

Senator Anperson. An experimental plant might be small. 

Mr. Borenam. We wouldn’t like one of these “eye-dropper plants.” 
I don’t mean to be facetious. We argue, Senator, that, if we can get 
something that will produce about 300,000 gallons of water a day, it 
would probably solve our water problem for maybe the next 5 or 10 
years, perhaps. 

Senator Anperson. You say you bring in a fair amount of water? 

Mr. Borenam. That is right. 

Senator Anperson. At an extremely high price. Therefore, the 
demonstration of feasibility isn’t quite so difficult in your case. You 
don’t have to put it against the price of $40 an acre-foot or something 
of that nature, as you would in an American city. 

Mr. Borrnam. To complete the record, in 1957 we hauled in 33 
million gallons. In the first 8 months of the current fiscal year, we 
have hauled in 2714 million gallons, all at a cost of about, an average, 
of $6 a thousand gallons. 

Senator Anperson. Did the Department of the Interior conduct 
a solar evaporation down there ? 

Mr. Borenam. Yes, sir; we had a small one. 

Senator Anprerson. Do you know what the experience was? Were 
the results decisive at all? 

Mr. Borenam. First of all, I think it was a little too expensive for 
us. We need so very much water we would have to have a vast area 
of glass. Next, we built the experimental plants, one in St. John, 
one in St. Thomas, and we would have had to have a police force the 
size of New York City to prevent the kids from breaking the glass. 
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Personally, I changed probably dozens of panes of glass. I can’t 
tell you what the attraction was, but that is what happened. 

Senator AnpERsoN. Nobody can tell what the attraction is of a 
deserted building somewhere. The kids soon find it and break the 
windows. 

Mr. Borenam. BB guns and everything else. We had a terrible 
time. We had to abandon it. Not that it didn’t work; it worked all 
right, but we just had to abandon it. We can’t afford the cost. In 
fiscal 1957 we spent $220,000 in hauling water from Puerto Rico. 
In the first 8 months of this year we have spent $98,000. The reduc- 
tion there has been due to a little more careful operation of the barge 
system. Originally the barge would make about three trips a week. 
We have it down so that we are hauling five trips a week. 

That is all, sir, unless you want to ask me any questions. 

Senator Anperson. Do you feel that the development of potable 
drinking water from sea water is a desirable goal, and if it can be 
achieved it should be speedily achieved, if possible 

Mr. Borenam. Tomorrow, sir, if we can. 

Senator Anperson. Thank you very much for coming up. 

Dr. W. L. Badger, consulting engineer, Ann Arbor, Mich. We are 
glad to have you. 


STATEMENT OF W. L. BADGER, CONSULTING ENGINEER, 
ANN ARBOR, MICH. 


Mr. Bancer. I have 4 or 5 slides that 1 would like to show you. 

Senator Anperson. We would be happy to see them. Would you 
first state for the record your name and your connections? 

Mr. Bavcrr. I am W. L. Badger, independent consulting engineer, 
Ann Arbor, Mich. For your salenaeaiiion Mr. Sheluntinel have had 
40 years of experience in the design and construction and operation of 
evaporator plants all over the world. 

This is a highly diagrammatic scheme of the process we are talking 
about. This is a steam boiler. It doesn’t make any difference what 
the fuel is, coal, gas, oil, or what have you. That steam is used in 
a power generator which generates power. That power drives a com- 
pressor, a steam compressor. ‘The exhaust from this power unit comes 
down this way. The discharge from the power compressor is joined to 
it, and, just conventionally, we have shown a steam coil in the vessel, 
which is the evaporator. That steam is condensed in boiling water, 
the vapor goes off here, part of it goes back to be recompressed, and 
part of it goes on to be used in the succeeding vats. This is what we 
call a thermal compressor, where we take the vapor off an evaporator 
and compress it to the point where it is hot enough to be used for 
heating. It just goes round and round. 

The most economical setup is one where that is combined with the 
exhaust from here running what we call a multiple evaporator. That 
is highly diagrammatic. The feed water comes in through a series of 
preheaters which are heated by the hot discharge and the hot—the 
cycle is within what is well known and has been used widely in many 
parts of the world. 

The next slide. One thing that I am trying to do here is to show 
the design of an evaporator that I am proposing to you. Unfortu- 


23642--58-——-6 








76 SALINE WATER CONVERSION 


nately, too much of this field has been dominated in the past by naval 
engineers, which has to be gotten between decks on shipboard. This 
is an evaporator well known and widely used, and has been for a 
long time. 

Senator ANpEeRSON. We will have to take a recess at this time for a 
rolleall. 

(A short recess was taken.) 

Senator ANperson. Doctor, you may proceed. 

Mr. Bapeer. This evaporator is the type I propose to use. It is 
well known. There is a sheet here and one here, and tubes, approxi- 
mately 20 feet long. The steam comes in here and surrounds the tubes 
on the outside. 

Senator Anperson. Doctor, it is visible to us but won’t be visible 
when reading it. Will you start back again ¢ 

Mr. Bapocer. The tubes extend from the bottom to the top, about 
20 feet long, each tube. The steam enters the top and surrounds the 
tubes on the outside. As it condenses the condensate is drawn off at 
the bottom point. The liquid to be evaporated is fed in at the bottom 
and goes up through the tubes, boils as it goes up, somewhere in the 
tubes, and issues from the tops of the tubes as a mixture of liquid 
spray and vapor. 

The reason why I am advocating this type of evaporator is that it 
is the cheapest. evaporator to build of all the types we know. It has 
one disadvantage: It does not behave well on solutions that deposit 
scale and, therefore, our problem has been to prove that this evap- 
orator could run without scale. 

Here is a steam boiler. It raises steam at about 600 to 800 pounds. 
That steam is used to drive two turbines. The first turbine drives an 
electric generator which supplies power for the pumps. The next 
one drives a steam compressor, which takes steam off the top of the 
evaporators, compresses it, and starts it back into them again. 

There is, as I showed in the last section, more steam by using the 
exhaust from these turbines than this compressor can compress. The 
leftover steam is used to run a miultiple-effective evaporator which is, 
of course, a design that is well known except that we have used more 
effects than customary. 

The liquid, the raw sea water, comes in at the bottom, passes through 
a couple of heat exchangers to warm up and then is fed to the evap- 
orators. In turn it is fed to more heat exchangers and so on up the 
line, winding up finally in the thermal effects. The discard liquor, 
because we don’t evaporate all the water, only about 70 percent of 
it, the discard liquor comes down and runs through some of the heat 
interchangers, giving up its heat to the incoming feed. 

The condensate from all the evaporators, which is the product of 
the cycle, comes down here and runs through the other set of heat 
exchangers, giving up its heat to the feed. So that the result is that 
you have sea water coming in at one end, you have cool discard brine 
coming out, and distilled water, the product of the cycle, coming out 
here. The difference between this cycle that I am talking about here 
and others that have been proposed is merely more refinement and 
more detail. 

There is nothing new or nothing magic. All of the units involved 
here are things that you can go out and buy in America today. 
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This slide is a variant on that, which we feel has possibilities. A 
steam boiler, generating fairly high-pressure steam, which is used to 
operate a turbine, which turbine drives an electric generator, and that 
generates juice for sale. The exhaust from this turbine goes through 
a series of multiple-effective evaporators exactly like the last ones. 
There is now no thermal compression system in here. Whereas 
the previous plant produced water only, this plant produces for 
sale distilled water and electric power. So that this is hung onto 
it. You can think of it as this system being hung onto the tail end 
of an electric standard power system, except that where a standard 
electric power system exhausts from the turbine at the lowest possible 
vacuum, we exhaust at 10 to 15 pounds. We don’t get quite as much 
power out of a pound of steam as a standard cycle does, but, on the 
other hand, we haves an exhaust steam that is hot enough to run the 
evaporator. 

Senator Anverson. Doctor, on the previous slide you showed, you 
said that all the parts were standard parts that you can buy on the 
American market ? 

Mr. Bapcer. Yes, sir. 

Senator Anperson. Have you ever built such a plant using these 
parts? Is there a plant like the one that you showed us? 

Mr. Bapcer. Not in some details. Let’s see the next slide. 

Here is a plant of these evaporators. There are scores and scores 
of them in the United States. This particular plant is concentrating 
the waste liquor from a sulfate pulp mill in Louisiana. This has 
eight effects, and the size of these effects is a little smaller than I would 
use for the largest plants I am prepared to suggest. These are defi- 
nitely larger than the units that would be needed in a million-and-a- 
half-gallon plant. 

Senator Anperson. If you were to build on of these million-gallon 
plants, would some of the cost be borne by the electricity that is 
generated ? 

Mr. Bapeer. There are two separate cycles. One is the cycle which 
produces water only and no power for sale. The other cycle is one 
which produces both water and power for sale. The self-contained 
water plant, without selling any power, has certain advantages in 
that you don’t need to be tied up with a power system. The other 
plant, however, has the advantage of credit from the sale of juice. 

Senator ANpERsON. So it becomes more economical ? 

Mr. Bapcer. It becomes more economical. 

This is another slide. This evaporator has never been run on 
solutions that build scale, so we built this facility at Harbor Island— 
rather the Department of the Interior built it for us at Harbor Island. 
This is where I tested it out. You can compare that with the one I 
previously showed you. ‘These units are merely units for preparing 
the feed to the evaporator. 

The reports which we made to the Department of the Interior in 
1955 indicated that the self-contained plant which produced no juice 
would produce water for about 32 cents a thousand gallons. That 
will have to be upped today somewhat due to the higher price of fuel 
and the higher price of equipment, but not a great deal; probably not 
over 40 cents. 
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Second, the plant which produces both power and water will have 
a balance sheet which depends on the price that can be obtained for 
the power. If power can be sold on the bus bar of the plant for 4 
mills, water will cost about 27 or 28 cents a thousand gallons. 

Senator Anperson. What would 5 mills make it ¢ 

Mr. Baperr. I will go one step further. If you can sell the power 
for 7 mills you will get your water for free. 

There are a lot of economics tied up with all of it. I have sent you, 
Mr. Chairman, a letter outlining my views which can go into the rec- 
ord. I merely want to say that at the present time I am advocating 
a plant to produce about a million gallons a day, and I will explain 
why. The results at Harbor Island have been very encouraging. We 
have to prevent scale in these evaporators, and there are two ways 
that we can do it. One is by controlled feeding of acids. That 
method is known and is currently used in one modification or another 
by the Navy. 

We believe that in a land-based large plant of this sort we can use 
cheaper methods than the Navy is forced to do. 

Our experiments at Harbor Island have shown that that will be 
— successful, that it will absolutely prevent scale in all the 

odies. 

Senator Anprerson. Do I understand from that that you do feel 
that it would be reasonable to go ahead and construct a million-gallon 
plant now ? 

Mr. Bapcrr. I do. 

Senator ANpErson. I do, too. 

Mr. Bancer. There is a second method of preventing scale which 
comes out of many years of experience in the salt industry. Calcium 
sulfate is the worst scale former we have, and every salt plant in the 
United States evaporates a brine that is saturated with calcium sul- 
fate. We always had to drill those things out once a week. There 
are sale evaporators in operation today that have been in operation for 
7 years and have never had a tool in them. They are just as clean 
as the day they were put in them. That was due to a process that I 
and some of my colleagues developed, and it amounts to simply feed- 
ing a lot of calcium sulfate to the evaporator in the form of a slurry, 
because if that slurry is kept in suspension, when a molecule of cal- 
cium sulfate gets ready to sit down it would very much prefer to sit 
down on another crystal than calcium sulfate. 

That is completely and practically successful and is in use in prac- 
tically every large salt plant in the United States now, and has been 
for years. 

The fact that it is successful with calcium sulfate does not per se 
guarantee it will be successful with calcium carbonate. We have to 
prove it. That work is at present underway at Harbor Island and 
before very many months have elapsed we will know whether that 
works or not. 

Now I will back up and start another line of argument. In order 
to hold costs down 





Senator Anperson. Excuse me. Your letter of March 17 that you 
referred to will be put in the record at this point. 
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(The above-mentioned letter is as follows :) 


LETTER From W. L. BADGER AND ASSOCIATES, INC. 


W. L. BADGER AND ASSOCIATES, INC., 
Ann Arbor, Mich., March 17, 1958. 
Hon CLINTON P. ANDERSON, 
Senate Subcommitiee on Irrigation and Reclamation, 
Senate Office Building, Washington, D. C. 


Dear Sir: This is in reply to your letter of February 28 requesting comments 
on Senate Joint Resolution 135. I am sending you, as requested, 25 copies of 
this letter; and I expect to be present at the hearings on March 20-21 in 
Washington. 

I am not clear as to what you have in mind. In the Senate resolution you 
speak of “a full-scale demonstration plant.’’ In your news release you speak 
of 3 approaches to the problem, which may mean 8 separate plants. I am going 
to discuss the matter on the latter basis. 

1. I most emphatically urge that a plant be built to demonstrate the multiple- 
effect evaporator project for which I have been largely responsible, This seems 
to be the most promising avenue of approach at the present time. It does not 
require the development of new types of equipment, but depends for its success 
on the use of a type of evaporator well known and widely usd for many years, 
and on the use of extensions and elaboration of principles of design also already 
known. 

The type of evaporator we propose to use is the long-tube vertical evaporator. 
It has been built in sizes greater than the requirements of a plant to produce 
1 million gallons of fresh water per day from sea water. It has not yet been 
built commercially in as complex an arrangement as we propose, but this com- 
plexity offers little or no difficulty. 

This type of evaporator has not yet been used on solutions that deposit scale, 
as does sea water. Our work on the pilot plant at Harbor Island, N. C., sponsored 
by the Department of the Interior, has so far given most encouraging results, 
It has shown that this evaporator can operate on sea water without scale forma- 
tion by a controlled use of acid dosage, but low enough acidities so that corrosion 
in most of the evaporator will not be a problem. An even more desirable method 
of preventing scale is now being worked on, with present indications of a suc- 
cessful result. 

2. Although in our reports to the Department of the Interior our calculations 
(and our most favorable cost results) were based on a plant to produce 15 to 
20 million gallons per day, I suggest that a plant to produce about 1 million 
gallons fresh water per day be considered. This plant is to be looked on, not 
simply as a demonstration plant, but also as a plant for further studies. 

In trying to keep the cost down, we have proposed that the plant be built 
of ordinary low-carbon steel. We have sound technical reasons for believing 
that this will be practical, but its practicability should be proven by about a 
year’s experience in a plant of the size above-mentioned. Building a plant to 
produce 15 to 20 million gallons a day would greatly increase the cost of repairs 
or alterations if they should become necessary. 

The step from the pilot plant at Harbor Island to a 1 million gallons per day 
plant is a large one, but not outside the reasonable risks of any engineering 
project of this magnitude. It would, however, represent much sounder engi- 
neering not to go at once to a 15 to 20 million gallons per day plant at this time. 
After we have had 6 months to a year of experience in the million-gallon plant, 
the step to 15 to 20 million gallons per day would not be excessive. 

A plant to produce a million gallons per day could be shop-fabricated and 
assembled. A plant for larger capacities would have to be field-assembled. 

3. The sole disadvantage of the plant to produce a million gallons per day 
is that it could not demonstrate the low costs we have predicated for the 17 
million gallon plant. This is because both first costs increase, and efficiencies 
decrease, per unit of capacity, in the smaller sizes. The million gallon plant, 
however, would develop accurate data for predicting the costs that could be 
reached in a larger plant. 

4. The recommendation that a million-gallon plant be built now, for further 
research and testing, does not mean that a larger plant must wait on the results 
of such an experimental program. The work necessary to design a plant to 
produce 15 to 20 million gallons a day is so great that many features (that do 
not depend on the results of the million-gallon plant) can be started at once. 
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As fast as results come out of the million-gallon plant, they can be incorporated 
at once in the calculations for the larger plant, thus much time can be saved 
in the design of the larger plant. 

5. Our reports to the Department of the Interior have covered two cycles: 
(a) A plant using a combination of multiple-effect and thermocompression bodies, 
to produce only water; and (b) a plant consisting of a powerplant exhausting at 
modest back pressures to operate a multiple-effect evaporation. Such a plant 
would sell both power and water. 

Plant (6) has many advantages and is probably (according to our present 
views) the more important development. However, for the million-gallon plant 
we are recommending, we recommend plant (a). This is because the million- 
gallon plant is still an experimental plant. If power is to be sold, the purchaser 
cannot tolerate the fluctuations in output that would be caused by many con- 
tingencies that might arise in experimental operation. Plant (b) is the simplest 
to build and to operate, so that when plant (a) has demonstrated its ability to 
perform, the engineering of plant (b) will follow logically and directly. 

6. In the Virgin Islands 1 or 2 separate million-gallon plants will probably 
suffice. It would be vastly easier and cheaper to service a plant in continental 
United States than in the Virgin Islands. Once the million-gallon experimental 
plant has. proved that it is sound and dependable, it can be copied for the Virgin 
Islands. 

7. I am not sufficiently informed about the ionic-membrane processes to ex- 
press any opinion about them, for or against. 

Very truly yours, 
W. L. BADGER. 

Mr. Baneer. In order to hold costs down I have assumed this 
equipment can be built of ordinary carbon steel—black-sheet iron. 
We have quite a bit of information to the effect that that is possible. 
The naval evaporators in the past have always been built of special 
nonferrous alloys which are expensive, and that is because when you 
put a plant on shipboard you can’t run any chance of the necessity 
for repairs. 

Senator Anperson. It is a wholly different situation. 

Mr. Baneer. It is. In a fixed, land-based plant you can allow a 
certain percentage of down time for repairs, if you have to. 

I know that acid control will work. I believe that the sludge 
method of scale control will work, but that is yet to be proven. If I 
should have to design a plant now—and incidentally if the money 
were available I could start the engineering tomorrow—not tomor- 
row, because my vacation isn’t finished, but when I get back from my 
vacation. 

Senator Anperson. Next week. 

Mr. Bancer. Yes, sir; next week. 

Senator Anperson. What size would you build? 

Mr. Bapeer. About a million gallons. 

Senator Anperson. Have you any idea how much it would cost ? 

Mr. Bapeer. Yes, Again I must remind you that these estimates 
were made in 1955 and are somewhat low, probably. 

Senator Anperson. Our recent bids on large irrigation dams have 
been down, rather than up. 

Mr. Bapeer. In the case of operating costs, it depends upon whether 
the figure that was established by the Department of the Interior in 
1955 is still valid. But in 1955 this million gallons—actually, we 
calculated a plant for about a million and a quarter gallons a day, 
because it fitted a commercial-size turbine—cost about $1,200,000. 
That includes site development, office, shop, weatherproofing, en- 
gineering, and so on. 

Senator Anperson. We had several million dollars in this bill. 
Would that leave you some money for operating costs and the like? 
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Mr. Baperr. Yes. 

Senator ANperson. How much? Have you any idea what operat- 
ing costs would be? I don’t want to confine you to a dollar. 

Mr. Baperr. I have it right here. In the operation of this million- 
and-a-quarter plant this estimate, made in 1955, shows a total an- 
nual operating cost—total annual cost, including interest, deprecia- 
tion, insurance, maintenance, labor, and fuel—of about $325, 000 a 
year. 

This plant is one that I say I could start the design of tomorrow. 
There is enough work to be done so that before the design were final- 
ized enough results from Harbor Island would be in so that I would 
know whether I had to use acid or not. 

Senator Anperson. This bill gives the Secretary of the Interior 6 
months to decide on the particular plant. He wouldn’t need that much 
on the basis of present Harbor Island results. 

Mr. Baperr. The way Harbor Island is going now I would hope to 
have those results in much less than 6 months. Let me make it plain: 
I can prevent scale by controlled-acid treatment. 

Senator ANperson. You would rather try the slurry ? 

Mr. Baperr. I would rather try the slurry, because if I built my 
plant of carbon steel, I may have to go to acidities, and a couple of the 
effects are questionable for black iron. So they might have to be made 
from more expensive alloys, which would, however, increase the cost 
of water only a couple of cents a thousand gallons. 

Really, before such a plant were built on a large scale, about 6 
months’ experience should be had in this million-gallon plant just to 
check such things as corrosion, which is a factor that you can’t check 
with any short-term test. You simply have to put it up and live with it. 

Senator Anprrson. That is a very important statement. You 
simply have to put it up and live with it 4 

Mr. Bapeer. Yes, sir. 

Senator Anperson. That is why as many of us have been urging 
that the plant be put up so we would have a chance to live with it. 

Mr. Bapcer. Until the plant was built at Harbor Island, we weren’t 
sure of what we wanted to build. Now we do. Harbor Island has 
been working 24 hours a day, 7 days a week, ever since it wasstarted. I 
have a crew there to keep it going 24 hours a day except for periods of 
repairs and alterations. 

This million-gallon-a-day plant which I would like to see built will 
do two things. It will give us a tool that we need for developing fur- 
ther refinements in the process. It is going to be—we know pretty 
well what it is going to do but there are always things you can do 
better after you have had a chance to work on them. 

Second, it will demonstrate on an appreciable scale the practicability 
of this process. There is one thing it will not do: It will not confirm 
the costs that I have quoted to you because the cost of water per 
thousand gallons goes up very rapidly as the size of the plant decreases. 
That is because smaller equipment costs more per unit than big. It 
is also because the labor staff, the operating staff necessary to run a 
big evaporator, is no more men than are necessary to run a small 
evaporator. 

Senator AnpERson. About what size would it be if you tried to get 
down to the price that you indicated, say 30 cents a thousand gallons? 

Mr. Bapcer. That was figured on a 17 million gallon plant. 
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Senator Anperson. Which is not out of proportion at all to a great 
many of our American cities; is it ? 

Mr. Banger. No. As a matter of fact, it would be only a fraction 
of the consumption of a great many of the American cities. 

The reason we stopped at 17 million gallons a day was that was the 
largest size plant in which we could buy the necessary units com- 
mercially. As soon as you go above that size they become special, the 
cost of design rockets, and the first cost will be more than twice as 
much relatively, and therefore, if, for instance, a plant for 30,000 
gallons a day is needed, I would build two 50,000-gallon plants and it 
wouldn’t cost appreciably more. It wouldn’t cost as much per unit 
of water manufacture. 

Senator Anperson. You apparently have had a good deal of ex- 
perience with this, because the experience of the Shippingport plant 
as against the Nautilus submarine bears out what you have ‘tated. 

As long as they could stay with stock sizes and patterns, the costs 
were relatively well known. When they had to develop a wholly new 
type, larger than the market had, the costs went up. 

. Bapcer. I have seen that many times. Let me emphasize, there 
is nothing new or magic or different about the flowsheets that I am 
proposing. They are flowsheets that are well known. We are simply 
trying to make them a little more elaborate and use a little more engi- 
neering on them than has been considered in the past. 

Senator Anperson. Senator Case, Dr. Badger mentioned the con- 
struction of a million-gallon plant to start, and that it could be built 
for something in the neighborhood of a million and a quarter dollars, 
without carefully checking his figures, in the hope that they would 
demonstrate the soundness of a larger plant that would produce this 
water somewhere around 30 cents or as low as 27 cents, if you could 
sell current for 4 mills in that type approach. 

Senator Case. Mr. Chairman, I was detained on the floor. I ap- 
preciate your going ahead with the hearing. 

May I ask, what process would you use? I didn’t catch that. I 
wasn’t here in time to catch that. 

Mr. Banerr. I was talking about ordinary multiple-effect evapora- 
tion, of a type that is well known and has been known for a hundred 
years. 

Senator Anperson. Which he is now testing at Harbor Island. 

Mr. Baperr. Yes. I am using a type of evaporator known as the 
long-tube vertical, which has been very widely used, but which is or- 
dinarily considered to be unsuited for solutions that deposit scale. 
Therefore, we had to build Harbor Island to prove we could run this 
on sea water without forming scale. 

I had two methods that I could have used to prevent scale. One is 
controlled-acid injection. That has been checked at Harbor Island 
and proved completely successful. We can absolutely prevent scale, 
the slightest trace of scale, by controlled-acid injection. I would 
rather not use that. Ican. It is perfectly feasible. 

The other method is a recirculation of slurry, which is paralleling 
a development we had in the salt industry which has been most suc- 
cessful. Harbor Island is just getting started on that cycle. 

A million-gallons-a-day plant will not confirm the low prices that I 
have quoted for the 17-million-gallon plant. The million-gallon-a- 
day plant may cost somewhere in the neighborhood of 60, 70, or 80 
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cents a thousand gallons, but that is because of the increased cost of 
equipment in smaller units. However, it will give us the engineering 
data we need to project accurately the costs we can expect in the 
larger plants. 

I would rather see a million-gallons-a-day plant go in for the reason 
that a million gallons a day is a plant big enough to involve all the 
engineering details that we have to be thrashed out. It is not so large 
that if anything goes haywire it won’t be too expensive to make re- 
pairs. For instance, if 1 guess wrong and have to retube the evap- 
= it won’t be so expensive as it would be on a 17-million-gallon 

ant. 

. If there were an emergency, as with certain plants I built during 
wartime, where we liad to take long chances, I would be willing to 
stick my neck out and design a 17-million-gallon plant, but there would 
be lots of questions there. There might be things happen. 

It must be understood, however, that when I advocate a million- 
gallon plant, I want it distinctly understood that a million-gallon plant 
will not show any costs around 30 cents. 

Senator ANperson. You have made that point. 

Mr. Bapcer. It will show that the process works. It will show that 
you can do this stuff with equipment that is now on the market. I 
don’t have to develop any new types of equipment. I don’t have to 
say any magic words over it or anything else. It is all relatively old 
stuff, merely a little bit more highly refined than we ordinarily con- 
sidered necessary. 

But I would like to see the million-gallon plant go in. 

That million-gallon plant, the design of that million-gallon plant, 
could be started immediately if funds were available. Before the 
design is finalized the results of Harbor Island should come in. My 

ess is that that engineering can possibly be completed in somewhere 

etween 6 and 9 months, and with present delivery on equipment of 
this sort, it is running about 9 months. So it will take about a year 
and a half if we could start right now, to have that million-gallon-a- 
day plant in operation. 

One thing more. You will remember that I spoke of two cycles. 
One is a plant which generates water only, and nothing else. The 
second is a plant which generates both water and power. That second 
one apparently has the better possibilities for the future. I think more 
plants of that type will be built than of the straight water alone. 

On the other hand, I would prefer to see this million-gallon plant 
built on the first scheme—that 1s, producing water only—for the sole 
reason that the minute I begin to talk about a return from power sales, 
then I get all tangled up in the demand requirements of the company 
that receives the power. Anybody who buys power from such an 
installation as this can’t tolerate the shutdowns that might be neces- 
“es to make alterations as developed by experimental work. 

Senator AnpERson. Yes, and you would get mixed up in the argu- 
ment over public versus private power, preference clauses, and what 
has to be sold to the REA before the local utility can buy it. 

Mr. Bapeer. It is complicated. 

Senator Anverson. It is far away. 

Mr. Banveer. The plant to produce water only, and not water and 
power, will be a little more expensive than the figures I quoted for such 
a plant, and it will be a little more complicated. But when you think 










































84 SALINE WATER CONVERSION 


of the complications that have come from the attempts in selling power, 
I think the wise thing to do would be to forget the power at present. 

So far as the 17-million-gallon-a-day plant is concerned, which in 
the present is about the maximum that really could be started almost 
any time on the engineering. 

Senator Anperson. I saw on this list a representative of the Badger 
Co. Are you connected with that company ? 

Mr. Bapcer. In Boston there used to be a firm, E. B. Badger & Sons 
Co., of which the present Badger Engineering Co. is the successor. The 
two family lines are entirely separate. I have never had any connec- 
tion with the Boston outfit. If you go back to 1700, the 2 families were 
together, but not since then. 

Senator Anperson. Thank you. If it is possible, we would like to 
have more detailed costs, which you can file subsequently for the record. 

Mr. Baperr. We have not yet revised the costs that we produced for 
the Department of the Interior in 1955. 

Senator Anperson. Just anything that you have for the record. 

Mr. Baneer. All right. 

(Mr. Badger subsequently submitted the following information :) 
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Senator Anperson. The next witnesses are Mr. E. R. Gilliland, of 
the Massachusetts Institute of Technology, and Dr. Walter Juda, 
Ionics, Inc., Cambridge, Mass. 

Will you state your names for the record, please? 

Mr. GiuuiaANp. My name is Edward R. Gilliland, and I am presi- 
dent of Ionics, Inc. 

Mr. Jupa. I am Walter Juda, executive vice president of Ionics. 


STATEMENTS OF E. R. GILLILAND, PRESIDENT, AND DR. WALTER 
JUDA, EXECUTIVE VICE PRESIDENT, IONICS, INC., CAMBRIDGE, 
MASS. 


Mr. Gitumanp. Mr. Chairman, I would like to go over our brief 
statement here and then try to answer any questions you may have 
relative to the Ionics process. First, we wish to express our appre- 
ciation to you and the committee for inviting us to appear here today 
and testify on the resolution. 

We believe that this resolution at this time is a most important 
event in furthering the development of saline water conversion proc- 
esses and the utilization of important new sources of water. To put 
it another way : The desert will never bloom, until someone puts water 
on it. 

We are impressed by your foresight, your appreciation of the 
enormity of the problem and the need for action now. 

I would like to limit my remarks to a short review of our position 
and recommendations. There is supplemental material here that we 

can go into if you desire which gives more detailed information on 
the operation of the Ionics equipment. 

Ionics, Inc., was founded in 1948 to develop and exploit a new 
technology in ion exchange for demineralizing saline water and other 
purposes, Walter Juda and his collaborator, Wayne A. McRae, 
developed the totally new technique by making membrances of selec- 
tive ion exchange resins and incorporating these membranes into a 
unit which removes dissolved salts from water. United States and 
foreign governments have recognized this original work and subse- 
quent improvements by issuing “patents. 

Since that time Ionics has built and sold 24 units ranging in size 
from 300 up to 86,000 gallons per day. Some of these units have 
operated around the clock throughout the year at an average of 95 
percent of the time and have been in operation for as long as 2% 
years providing potable water to some 35,000 people. These people 
tell us they like the water from an Ionics unit because it has a normal 
fresh-water taste. I believe some of your members have tasted water 
from Ionics’ units. These units, many of which are overseas, have 
been operated and maintained successfully by unskilled operators 
after a period of training. Others of special designs are operating as 
research and test units for specific military and commercial applica- 
tions operating on both sea water and br ackish. A list of these units 
appears in my supplementary statement, the capacities and type of 
water they operate on, what type of w ater they produce, the number 
of operating hours, and so forth. We can look at them briefly 
now or later. 

Senator Anperson. Later, 
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Mr. Giuuinanp. From this manufacturing and operating experi- 
ence, we can report that Ionics membranes have an average life of 
at least 3 years, that when operating on brackish water within the 
1,500 to 4,000 parts per minute range—this is parts of salt—electrical 
consumption is 25 kilowatt-hours or less per 1,000 gallons. 

This, then, briefly describes Ionics’ product and credentials which 
we believe uniquely qualifies it as a supplier of a “full-scale demon- 
stration plant for the production of water suitable for agriculture, 
industrial, municipal, and other beneficial consumptive uses.” This 
is a quote from the preamble of Senate Joint Resolution 135. 

We were pleased to note, Mr. Chairman, in your press release of 
February 28 that these hearings would endeavor to bring into focus 
information on three important areas: California seacoast with its 
abundantly available sea water, inland areas both in the United States 
and overseas beyond the economic reach of pipelines or aquaducts 
where brackish water is abundantly available, and the Virgin Islands 
with its special water and power problem. We agree that these are 
three areas of the water problem. We particularly concur with the 
view that vast areas of the United States, Middle West, Southwest, 
and Rocky Mountain regions, as well as isolated areas east. of the 
Mississippi have urgent need for water which can be satisfied by con- 
version of indigenous supplies of brackish water. 

Transportation of water by pipeline is expensive. We believe, 
therefore, that conversion of indigenous brackish water supplies at 
the site of consumption can be a more economical operation. Even 
with a zero cost for conversion of sea water, it appears improbable 
that it can be economically transported by pipeline more than a few 
hundred miles. 

We know also from firsthand knowledge that abundant brackish 
water exists in much of Australia, Hawaiian Islands, Pakistan, Africa, 
the Middle East, and South America. Walter Juda, who is with 
me today, and his associates have personally surveyed these areas 
within the past 2 years. 

The problem which this legislation if enacted poses to the Secretary 
of Interior is: What processes should be selected and where shall these 
plants be located? The most attractive process for conversion of 
saline water depends upon whether the feed water is brackish or 
sea water. 

The Ionics’ membrane system has demonstrated the lowest cost to 
date of any system for converting brackish waters. Any one of sev- 
eral thermal systems, or even a freezing system, may prove to be the 
lowest cost method for sea water conversion. 

But here I would like to point out that a great many of the loca- 
tions on the seacoast also have large supplies of brackish water, and 
it may be cheaper to convert brackish water in those locations than it 
is to demineralize sea water. 

Likewise, as the table indicates, Ionics’ units do operate on sea 
water. We have a number of them operating on sea water. We are 
very hopeful, that with improvements, on sea water we can make 
the membrane units competitive with many of the other types of 
equipment. 

As compared to Professor Badger’s comments of evaporators as 
being old, membrane units are new, and we foresee a large improve- 
ment down through the years in reductions of cost still to come. 
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The fact that electrodialysis is a commercial reality is confirmed by 
Secretary of Interior Seaton in his February 22, 1958, press release. 
If this statement refers to Ionics’ equipment—and we are unaware of 
any other electrodialysis equipment operating commercially—these 
are quite small in size in comparison to those envisioned in this res- 
olution. 

As mentioned before, 86,000 gallons per day is the largest of any 
units we have out in operation. Construction and operation of plants 
of the size proposed are essential to demonstrate the lowest inherent 
costs and operating problems of each system. 

We of Ionics like to think that electrodialysis has been brought into 
commercial reality in the finest tradition of American free enterprise. 
Its rewards are its successful system, its patents, and its potential 
markets; its satisfaction is in the knowledge that this equipment can 
help substantially to fill an urgent need for abundant water for millions 
of people throughout the world. 

e would at this point acknowledge the assistance given us by the 
Office of Saline Water in the early days of its eixstence. If my memory 
serves me right, our first contract was issued by the Department of 
Interior before the Office of Saline Water was officially organized. 
Some $190,000 of the Office’s funds were expended in furthering devel- 
opment work on the basic Ionics’ unit and culminated in the con- 
struction and delivery of the first portable, trailer-mounted unit to 
the Office of Saline Water 2 years ago for tests. Along with this help, 
Tonics’ stockholders and customers made available another $134 ai 
lion for the development of membranes and membrane equipment, 
which brings the total to roughly $2 million. 

It would be difficult at the present time, Mr. Chairman, to tell you 
precisely what a full-scale demonstration plant using Ionics’ equip- 
ment would cost. We would need to know where the plant was to . 
built, what the power cost was at the site, the average salinity of the 
feed water, and all the usual variables such as labor rates, interest 
charges, rate of amortization, taxes, and so forth. 

A general estimate can be derived from over 5 years experience 
building small plants and observing their operation. We would offer 
the following figures to be our estimate of the cost. If given a domes- 
tic order today for our current production equipment, the kind we 
are selling today in small units, we believe that we could supply a 
several million gallons per day plant producing water of 500 parts per 
million from feed water of 2,400 parts per million for a capital cost of 
aS to $1.30 per gallon per day of capacity, complete including 
building. 

For tenia: plant you would multiply this number 
by a million to arrive at the plant’s capital investment. Somewhat be- 
tween $1,150,000 and $1,300,000 for a million gallons per day plant. 

The operating cost would be about 65 cents per omand gallons 
including amortization, direct labor, membrane replacement, and 

ower—and this is electrical power at 10 mills per kilowatt-hour. 
here is a breakdown of the operating cost in one of the documents 
in the supplement. This plant would include the building and site. 

Senator Anperson. What would happen if you located the plant 
in an area where they had power at 5 mills per kilowatt-hour ? 
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Mr. GiiuitaNnp. In the table at the back of the supplemental mate- 
rial, case I, our present equipment, the power is 7.2 cents. By going 
down to 5 mills you irould knock off 31% cents from the water. 

In these small plants, amortization is high. 

We believe considerable improvements can be made in the process, 
and we have been spending our own money all the time trying to do 
this, and we have some new developments under way now that we 
estimate we could deliver the same size plant as mentioned above for a 
capital cost of 70 to 80 cents per installed gallon of daily capacity, 
with an estimated operating cost of about 35 cents per thousand gal- 
— using the same feed water and the same power costs as mentioned 
above. 

The difference would be, in the one above we have had considerable 
operating experience in small units, and we think we know the an- 
swers to a lot of the problems. Every time you redesign units, there 
will be more. There is no doubt about this. 

Senator Anperson. You can generate current in large capacities in 
California easily for 5 mills, and in many areas there the rates are 
below that. The Bonneville district, for example. So, if you knocked 
off another 314 cents, you would bring this down pretty close to the 
30-cent figure that we have had before. 

Mr. Griuitanp. It is closer than that. If you notice case II in my 
supplemental statement, this redesign is the osien! to use more power 
and reduce original investment. 

Senator Anperson. It would take off 414 ? 

Mr. Gritumanp. Yes, sir. In the event such a plant was ordered 
from Ionics, we would plan to furnish the equipment and do the in- 
stallation, and work with one of the large engineering and construc- 
tion companies to do the building and provide a turnkey job. 

We do not delude ourselves in believing that this projection is 
competitive with free running water for irrigation. We do know 
that the need exists, and this price is attractive in many areas. Like 
all estimates, these figures cannot be realized until demonstrated. 

In other words, the cost on our 86,000-gallon-a-day plants are 
higher than this. We likewise expect that if we build plants above 
ten million gallons per day they will go down still further in cost. 

This is the service to the people of the United States and the free 
world that Senate Joint Resolution 135 can provide. We point out, 
however, that our estimates are based upon more actual experience 
than that which the South African group had when they started 
construction of their 3-million-a-day plant. They went ahead on 
very little. They were going to take the chance and see what hap- 
pened. In fact, there were some questions. We had the paper they 
presented at the Department of the Interior meeting last fall. They 
actually called their plant an experimental plant. It was 2.4 million 
imperial gallons a day, the official rating. 

In conclusion, Mr. Chairman, we are in favor of the intent of the 
legislation before this committee. Specifically, we emphatically 
agree that the saline water problem is twofold, sea-water conversion 
and brackish-water conversion, and we are in favor of legislation that 
brings about the prompt construction and operation of such dem- 
onstration equipment. 
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I want to thank you and the committee for this opportunity to 
appear and certainly assure you of the cooperation of lonics on any- 
thing that is to be done. Dr. Juda is here with us today, and he 
would be very glad to answer any questions that you have on tech- 
nical problems or problems in foreign areas of the world with most 
of our equipment. 

(The supplemental statement is as follows :) 


SUPPLEMENTAL STATEMENT OF E. R. GILLILAND, MASSACHUSETTS INSTITUTE OF 
TECHNOLOGY 


BRIEF SUMMARY OF BRACKISH WATER RESOURCES 


The Geological Survey, water supply paper No. 1374 entitled “Preliminary 
Survey of the Saline Water Resources of the United States” has two very re- 
vealing maps tucked into a pocket inside the back cover. 

A glance at these two maps reveals in a most graphic fashion the extent of and 
the wide distribution of surface and underground saline water. 

It may come as a surprise that there are many areas and communities in the 
United States where the saline content of water being used for human consump- 
tion is much in excess of that set as a maximum by the United States Public 
Health Service. 

For example, a 1946 Texas Board of Water Engineers publication entitled 
“Public Water Supplies in Southern Texas” reported that approximately three- 
eighths of the 138 public well-water supplies in that area had total dissolved 
solids in excess of 1,000 parts per million. (The maximum deemed suitable by 
the United States Public Health Service.) While most of the highly mineralized 
supplies occur in small towns, the rapidly growing west Texas city of Midland 
(population now estimated at well over 50,000 people) used well-water supplies 
varying from 800 to 2,200 parts per million in 1953. 

North and South Dakota have ground water supplies available in quantity 
which are highly mineralized, and a number of cities, including Grafton and 
Devil’s Lake, make use of these highly mineralized waters for public supply. 
Mr. Charles E. Carl, director, division of sanitary engineering, State department 
of health, Pierre, S. Dak., had the following to say in a paper delivered last 
year: “Many geologic formations in South Dakota furnish hot waters (up to 
130° F); high solids (up to 3,700 parts per million); high hardness (up to 
1,800 parts per million); high sulfates (up to 1,400 parts per million); high 
chlorides (up to 1,500 parts per million) ; high fluorides (up to nearly 7 parts 
per million) ; and iron and manganese (up to nearly 8 parts per million). Some 
South Dakota well waters are wet but beyond that can hardly be called water 
as far as domestic consumption is concerned.” 


SERVICE LIFE OF IONICS MEMBRANES 


Last November Dr. Walter Juda presented a paper at the saline water sym- 
posium sponsored by the office of saline water in which it was reported that the 
average life of an Ionics membrane was 3 years. 

This figure was conservative in that it included significant numbers of mem- 
branes replaced for discoloration which had no effect on their efficiency, and 
old-type membranes manufactured 3 or 4 years ago. 

Additional incomplete data received from Ionics units out in the field not only 
confirm the predicted 3-year life of the membranes but show a definite trend 
toward a longer average life. 

One plant in the Middle East, for example, is approaching the end of 2 years 
of operation with a membrane replacement rate of 3 percent per year. 

Within the past 2 years, a new reinforcing fabric has been incorporated in the 
Ionics membranes, which together with a simple and cheap technique devised 
to prevent scaling has significantly lengthened the service life of the membranes. 


CURRENT DEVELOPMENTS UNDERWAY AT IONICS 


Ionics is midway through a company-sponsored development program which 
promises to lower significantly both the capital cost of the equipment and its 
operating costs. 
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Briefly, this is a program which will increase the size of the present membrane, 
incorporate a new and much more efficient spacer, and permit the operation 
of the unit at significantly higher output. 

Estimates of the reduction in costs are shown below in the column marked 
“Case II.” Costs of present equipment are shown in the column marked “Case 
> 


Design basis : 
Production rate, 2.8 million gallons per day 
Influent concentration, 2,400 parts per million 
Effluent concentration, 500 parts per million 
Amortization period, 20 years at 3 percent sinking fund 
Membrane replacement rate, one-third per year 
Price of electricity, 1 cent per kilowatt hour 


Investment (plant installed at site) __ 


Operating cost (cents per 1,000 gallons): 
Amortization._ “ ss pthddiedidinhieth apes ndihegihnnd yeaa 
Membrane replacement. ..-....... Wind eseeekoe 
Power.........- ddewkoe 
Direct labor. 
Miscellaneous expenses. - 


PATENTS 


A broad class of ion exchange membranes, including Ionics’ Nepton mem- 
branes, the use of such membranes in electrical systems, and certain other 
features of the Ionics demineralizers are covered by the following United States 
and foreign patents, as well as other pending. 


UNITED STATES 


2, 752, 306 
2, 756, 202 
2, 777, 811 
2, 780, 604 
2, 776, 258 
2, 800, 445 
2, 741, 595 2, 826, 544 


vee 
EBesees 
Seen ene 


. 


FOREIGN 


Australia : Cuba: Italy : 
158, 405 14. 845 481, 401 
161, 042 15, 529 504, 848 
165, 858 France: 513, 290 
167, 661 1, 020,114 South Africa: 
Belgium : 1, 084, 341 10, 601 
496, 550 Great Britain: Spain: 
521, 454 720, 002 1938, 837 
Canada: India : Switzerland: 
504, 146 43, 336 305, 105 


Between 1948 and 1949, development work on the Ionics membranes had pro- 
ceeded to the point where applications for patents on the membranes, use of 
membranes in an electrical system, and certain features of the Ionics demineral- 
izing unit could be filed. 

The patents which have issued both in the United States and overseas and 
others applied for gives Ionics a strong position in this field. 
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OVERSEAS ACTIVITY 


Nearly 70 percent of the equipment sold to date by Ionics has been installed 
overseas, primarily in the Middle East and North Africa. 

The interesting fact about this pattern of distribution is that more than 2 
years ago, private companies both very large and very small recognized the 
value of this new technology, and were willing to invest their funds in a 
radically new type of equipment. The reasons they give are the efficiency, re- 
liability, and ease of operation and maintenance. Virtually all of these overseas 
plants are being operated and maintained by nationals of the area after a short 
period of instruction. 


23642—58——_7 
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Senator Anperson. Thank you very much. Senator Case? 

Senator Casz. I would like for Mr. Gilliland or Dr. Juda to state 
for the record why they think the Ionic process is better for brackish 
waters than any other processes currently proposed. 

Mr. Grmumanp. Largely on the basis of economics. Ionics proc- 
esses, in removing the salt from the water instead of water from salt, 
becomes more advantageous as the salt concentration goes down, be- 
cause our costs are somewhat proportional to how much salt you have 
to remove. The costs of others are proportionate to the amount of 
water you have to take out. So when you go to sea water there is a 
larger amount of salt to be taken out from the water. In ours, we 
have to take out a larger amount of salt per 1,000 gallons. In brack- 
ish water, to get the same amount of good water, you have to remove 
much lower amounts of salt. This makes the operation attractive in 
the brackish-water region. 

Senator Case. I noticed from your statement that you thought the 
membranes would last 3 years. 

Mr. GuuiLanp. We think they will last much more. The largest 
plant we have in the operation has been going for almost 3 years. Its 
demonstrated membrane life is considerably above 3 years. In fact, 
we have 1 plant that has been in operation 2 years. In that period 
they have replaced only 2 percent of the membranes per year. So, we 
feel that the average life of a membrane will be much longer than 3 
years. But until you run them for a long period there is no way to 
guarantee this. 

Mr. Juba. I would like to make another point on your question of 
why we think membranes are better on brackish water than any other 
process. The scaling problem with brackish water is usually more 
severe than with sea water, because there are much higher quantities 
of calcium sulfate present. Actually, now, several evaporator com- 
panies will sell equipment for sea water and will be hesitant to sell it 
to operate on brackish water. The scaling problem is easier to control 
on brackish water with the membrane process than with the distilla- 
tion equipment. So, there is a cost factor and also a technical factor 
which makes membranes more desirable in brackish water. 

Senator Case. Is there any quantity or capability factor which dic- 
tates the size of the units that you would build? 

Mr. Gitumanp. Not the size of the plant but the size of the unit? 
We have these individual stacks. 

Senator Casr. I understand. That was pointed out this morning. 

Mr. GitiI~tanp. One of the improvements involved in this case IT 
is to build larger stacks than we now build. On the other hand, I am 
sure, for a million-gallon-a-day plant, we do not contemplate build- 
ing a single large stack. This will be a multiple-stack plant. 

Senator Casz, You think the multiple stack offers more practical 
ways of increasing the capability in terms of size or amount of water 
produced than increase the size of the unit itself? 

Mr. Giituitanp. We would like to do both, but there are some real 
engineering problems in increasing the size of the stacks. While 1] 
am sure that down through the years the stacks will become larger, at 
the present time we would build them with one-size stacks and put 
them in multiples for this plant. 

Senator Casr. I suppose the replacement of some of the membranes 
would be more readily accomplished in a smaller stack than a larger? 
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Mr. Jupa. Plus the fact that if, in a multiple stack plant, one is out 
of order, the production rate goes down very little. If you had only 
1 or 2 very large stacks and 1 is out of order, you would half the pro- 
duction rate. So there is an advantage in multiplicity which is also 
used in other industries. 

Senator Case. Have you worked on the plant which the Depart- 
ment of the Interior used in Arizona and South Dakota? Have you 
worked on it since it was used there? 

Mr. Jupa. We have not worked on it since it was used there. We 
have made some changes in Denver. We have put some newer mem- 
branes in, delivered some newer membranes. I forget whether it was 
during the testing or after. 

Senator Case. Have you modified your stack design since then? 

Mr. Jupa. Yes. First of all, we are using newer and better mem- 
branes. Secondly, we have made a series of simplifications from an 
engineering standpoint. 

enator Casr. Do you think they are more efficient than the older 
ones ? 

Mr. Jupa. Yes; they are more efficient than the older ones. How- 
ever, the improvement program that we are talking about here is con- 
siderably bigger than just simple improvements on the present unit. 
Another point: these new improvements are simple concepts; they 
do not involve any really new or big thoughts. They are making 
things bigger and utilizing materials better. 

Senator Case. You say you sold 24 plants? 

Mr. Jupa. Yes, sir. 

Senator Casz. Who have been your customers? 

Mr. Jupa. They are listed in our supplemental statement. 

Mr. Giuianp. They list the locations, startup date, source of 
water, and other operating characteristics. They are listed in chrono- 
logical order as to when they were put into the field. 

Senator Case. Are you getting reports of the results accomplished ? 
Do you follow them after you put them out? 

Mr. Jupa. Yes. This takes a good deal of traveling, and that is 
why we get about a good deal. 

enator Case. Is it planned to equip all of the Texas towers with 
one of your units? 

Mr. Jupa. There are three Texas towers built or building, and they 
ure all equipped, as far as I know. I understand there is one not 
actually using its Ionics unit. 

Senator Cass. Is the Air Force planning to use them at other iso- 
lated installations ? 

Mr. Jupa. They are. We have two of them on that list. Numbers 
10 and 11. 

Senator Casz. Are the ones at Havre and Holloman dealing with 
brackish waters rather than sea water? 

Mr. Jupa. Yes. 

Senator Case. And the Texas towers are dealing with sea water? 

Mr. Jupa. Yes, sir. 

eoaeene Case. What others do you have on there that are using sea 
water 

Mr. Gruuitanp. Numbers 6 and 7. The Bureau of Ships at An- 
napolis has an experimental unit. 

r. Jupa. Twelve, at Port Hueneme, Bureau of Yards and Docks. 
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yammaor Casr. I notice you have one at Kuwait, for the Getty 
i 

Mr. Jupa. Yes, sir. 

Senator Case. Is that a salt-water problem ? 

Mr. Jupa. No. That is a very highly mineralized brackish water. 
It is 22,000 p. p.m. Sea water is 35,000 p. p. m. 

Senator Casr. That is not in operation ? 

Mr. Juba. It has been delivered but not started up. 

Senator Casr. What is the place where you have one in the longest 
period of continuous operation ? 

Mr. Jupa. That is No. 4, with the Bahrein Petroleum Co., which has 
now 21,000 hours. It will have been in operation 3 years in June. 

Senator Case. Below that you have the “Revised larger plant.” 
That was put in some 2 years after the first plant ? 

Mr. Jupa. That’s right. That is an interesting thing. We did get 
a reorder from them, tripling the original plant within a few months, 
primarily because of the fact that the water tasted, for the first time 
there, so well that it really created a demand for it. 

Senator Case. I notice No. 9, another one in Bahrein, and also 16. 

Mr. GitutiLann. These are private individuals. 

Senator Case. Did those orders grow out of the one that you first 
placed there ? 

Mr. Jupa. We believe so. 

Senator Casz. In 1955? 

Mr. Gimumanp. These are private individuals taking water, 
bottling it, and selling it. 

Senator Casr. There is no better recommendation than a satisfied 
customer. 

Do you have any cost figures on the basis of these that have been in 
operation some time that lend any special light upon your estimate of 
costs now ? 

Mr. GiiuitaNnp. The last column gives the kilowatt-hours. These 
are the power consumptions. We have good information on what 
kind of power these units are using per thousand gallons of water, and 
we quoted 25. There are a number of plants operating lower than 25 
kilowatt-hours per thousand gallons in operation. Sea water takes 
more power because of the higher salinity to be removed. 

Senator Casr. I notice you have 1 plant there as small as 15 gallons 
per hour, 30, 50, and 13. 

Mr. Jupa. Yes, sir. 

Senator Casr. What are your costs when you get down to plants 
that handle 50 gallons per hour ? 

Mr. Gurianp. Take 22, which has 30. 

Mr. Jupa. This costs in the order of $8,000, this piece of equipment. 

Senator Case. Distributing that over the life of the plant, what 
would you get for a per-gallon cost of water per thousand gallons? 

Mr. Jupa. It is very arbitrary, because sometimes they are in ex- 
ploration camps where they just use it for 6 months ora year. This is 
very high-cost water, of course. 

enator Casz. That is very high cost ? 

Mr. Jupa. On that scale any system will give you high-cost water. 

Mr. Gituiianp. It is only by getting up to a million-gallon-a-day 
region that you will get the cost down. In fact, this is one of the 
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aererpe The small units have high cost and you have to find the 
imited users that can justify a very high cost. There is this ny 
then, of jumping over and demonstrating the low cost on a large scale 
to interest the eople who need the low-cost water. This is one of 
the reasons we feel that these plants of 1 million gallon capacity will 
be very helpful in taking this jump across. 

Senator NDERSON. You did some work in the Virgin Islands; didn’t 

ou $ 
t Mr. Grnuranp. We have had people in the Virgin Islands. We have 
not had any units in the Virgin Islands. 

Mr. Jupa. There is some evidence that there may be some brackish 
water on the Virgin Islands. The question is, is there enough? If 
there is, it might be cheaper to use the membrane process rather 
than sea water conversion. 

Senator Anperson. Are you the people who pumped one well for 
a while and needed to pump another one and couldn’t get permission 
from the Federal Housing Administration ? 

Mr. Grutmanp. No. 

Senator Anperson. I am thinking of counterpart funds. We can’t 
get two branches of our own Government to cooperate. 

Thank you very much. It is a fine statement . We appreciate your 
being here. The best part of it is that it looks like you have had some 
experience. It looks encouraging. 

Mr. GimtiLanp. We would like to have more experience. 
Thank you very much. 
(The following information was subsequently received from Mr. 


Gilliland :) 


SUPPLEMENTAL EXHIBIT OF EDWIN R. GILLILAND, PRESIDENT, IontIcs, INC. 


Typical of communities in the United States, which have local sources of 
water containing total dissolved solids in the range of 1,600 to 2,000 parts per 
million, are Miller, S. Dak. ; Delmar, Calif. ; and Midland, Tex. 

The conversion of these available supplies of brackish water into potable 
drinking water would make available to these, and any similarly situated, com- 
munities additional good water to meet the needs of their expanding population 
and industries, and at the same time demonstrate the reliability, operating char- 
acteristics, and economic potentials of the electrodialysis conversion equipment. 

For planning purposes, Ionics, Inc., has prepared cost estimates on three dif- 
ferent size demineralizing plants, assuming that these plants could be inte- 
grated into the existing water distribution system of the towns. 

It is obvious that a firm estimate of cost could only be made after a detailed 
site survey had been conducted and construction costs of the building, site 
preparation, and utility connections had been developed for each plant. 


1. Miller, S. Dak.: 

POU I incidence clgbondnnanjhdensntdebakes eit parts per million__ 1, 950 

Ne I ald ls lca it hac enate aah cppctenip heat ag SL. Sn ae ema 

Proposed Ionics plant capacity (200,000 gallons per day) : 
Building cost, site preparation, utility connections, on site 





engineering, installation cost, ete.________._.__-._-..-__- $87, 000 
Membrane stacks, rectifiers, pumps, piping, controls, and 

all associated equipment delivered to the site____.______ 233, 000 

Totes eunmened: Menta oi ee 320, 000 


Estimated cost per daily gallon of output_____._____________- $1. 60 
Estimated operating cost per 1,000 gallons of output___cents__ 58-65 
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2. Delmar, Calif. : 


Water supply parts per million__ 
Product water d 


Proposed Ionics plant capacity (500,000 gallons per day) : 
Building cost, site preparation, utility connections, on site 
engineering, installation cost, etc 
Membrane stacks, rectifiers, pumps, piping, valves, con- 
trols, and associated equipment delivered to the site____ 


Total estimated cost 


Estimated cost per daily gallon of output 

Estimated operating cost per 1,000 gallons of output___cents__ 
3. Midland, Tex.: 

Water supply 

Product water 


Proposed Ionics plant capacity (1,000,000 gallons per day) : 
Building cost, site preparation, utility connections, on site 
engineering, installation cost, etc 
Membrane stacks, rectifiers, pumps, piping, valves, con- 
trols, and associated equipment delivered to the site____ 


Total estimated cost. 


Estimated cost per daily gallon of output 
Estimated operating cost per 1,000 gallons of output.__cents__ 


Senator ANperson. Mr. Gardner? 


STATEMENT OF WILLIAM A. GARDNER, STAFF ENGINEER, 
GRISCOM-RUSSELL CO., MASSILLON, OHIO 


Mr. Garpner. Mr. Chairman and Senator Case, my name is William 
A. Gardner. I am staff engineer of the Griscom-Russell Co., of Mas- 
sillon, Ohio. 

We appreciate this opportunity of presenting our views on the legis- 
lation now under consideration by this committee. We were privileged 
to submit a statement in 1952 concerning legislation which led to the 
establishment of the Office of Saline Water as authorized by Public 
Law 448, 82d Congress. 

In preparing the following information, we have reviewed our state- 
ment of 1952 and find that, in essence, our opinions are the same now 
as they were then. Briefly, we stated that distillation is the only 
method sufficiently well developed to provide large quantities of fresh 
water from sea water in the foreseeable future. We also stated that 
in our opinion low-pressure multiple-stage flash distilling plants asso- 
ciated with power-producing turbines would result in the lowest 
charges for fresh-water production, that design criteria have been 
developed to the point that further laboratory research is not required, 
and we recommend legislation which would permit the construction 
and operation of large-size pilot plants. It is recognized that other 
processes may show advantages in the treatment of brackish waters. 

Significant progress has been made under the direction of the Office 
of Saline Water since the enactment of Public Law 448. Considerable 
basic research work has been accomplished, involving not only distil- 
lation but many other promising processes. A number of design con- 
tracts have been completed including a contract with our company 
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involving research on and analysis of single-stage low-temperature 
flash evaporation processes. Experimental work is now being con- 
ducted on full-strength sea water at Wrightsville Beach, N. C., under 
the auspices of the Office of Saline Water, including the testing of a 
25,000 gallons per day rotary vapor compression still and of long-tube 
vertical distillation equipment as described by Dr. Badger. 

Quite apart from activities sponsored by the Office of Saline Water, 
many manufacturers have been proceeding on their own with basic 
research, pilot-plant experimentation, and the design and manufacture 
of production size units. This activity has contributed greatly to 
the knowledge of all of the known processes, particularly distillation. 
We believe that those who attended the International Symposium on 
Saline Water Conversion in Washington last November, sponsored 
by the Office of Saline Water, are in substantial agreement that distil- 
lation of sea water to produce fresh water still offers the most prac- 
tical method for producing large quantities of fresh water at low cost. 
There are many parts of the world in which it has become necessary 
to provide large quantities of fresh water from sea water immediately, 
without awaiting a major breakthrough in fundamental research. 
As far as is known, in all these instances the solution has been distil- 
lation. Although it has been shown that electrodialysis schemes are 
practical for brackish water in which the concentration of total solids 
m the water does not exceed approximately 5,000 parts per million, the 
costs for power and maintenance become prohibitive when treating 
normal sea water which contains approximately 35,000 parts per mil- 
lion total solids. 

Numerous distillation schemes are completely practical at the pres- 
ent time and are being employed in naval, Marine and land-based serv- 
ice. Therefore, it is not a case of determining whether those distil- 
lation cycles will work; it is well known that they do. Griscom- 
Russell has long felt the urgent need for lowering the costs of pro- 
ducing fresh water from sea water by distillation. At this stage, 
we feel the best method of accomplishing this end is flash distillation. 
Many manufacturers, including ourselves, tend to take a conservative 
approach in regard to design criteria and materials of construction. 
This is largely due to the fact that the bulk of past experience has been 
conditioned by requirements for furnishing equipment for naval and 
other shipboard use where specifications limit manufacturers to a few 
relatively expensive but excellent materials of construction, where 
space limitations are understandably imposed, where automation and 
other control devices have not been applied and where high steam 
economy has generally not been paramount. 

We propose that significant advances can be made through the 
actual construction, installation and operation of large land-based 
pilot plants based on cycles which are known and proven in service. 
The Griscom-Russell design enjoys this advantage. It is our opinion 
that basic research into other promising processes should be continued 
but that it is time to take the process which continues to show greatest 
promise, flash distillation, and actually fabricate and operate several 
units each of approximately 1 million gallons per day fresh water 
capacity. 

A tremendous amount of information will be gained from the con- 
struction and operation of the first unit. It will be shown realistically 
that, from projected designs, some cost estimates were too high, some 
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too low, that the designer was too conservative in some cases. In 
some areas doubts have been expressed concerning the successful 
extrapolation of criteria proven in capacities of less than 100,000 
gallons per day into capacities of 1 million gallons per day. In the 
operation of a full sized plant such doubts would be removed. 

Senator AnpErson. Reading this, you say: 

It is our opinion that basic research into other promising devices should be 
continued, but that it is time to take the processes which continue to show 
greatest promise, flash distillation, and actually fabricate and operate several 
units each of approximately 1 million gallons per day fresh-water capacity. 

We have had some other testimony here today from Dr. Badger 
who said he was ready to start off building one of a million-gallons- 
per-day capacity. This resolution only contemplated one plant that 
might be built, of some reasonable size. We left it to the Secretary 
of the Interior to determine what that would be. There are 3 or 4 
horses I would like to put in the race, but was perfectly willing to 
select only 1. I judge it is your tetsimony—and you can correct me 
if I misstate it—that you also believe that the Secretary of the Interior 
could pick at least one and perhaps more ? 

Mr. Garpner. Yes, sir. 

Senator Anperson. And run inexpensive tests, at about a million 
gallons, and try them out and see what develops by test run to see how 
they will work ? 

Mr. Garpner. Yes, sir. I believe that 2 or perhaps 3 plants of a 
million gallons per annum each, utilizing distillation cycles, could be 
built for the proposed $10 million. 

Senator Anperson. In addition to that, Senator Case had a bill 
with reference to brackish water only. You are talking about sea 
water here? 

Mr. Garpner. I am. 

Senator Anperson. He was concerned with brackish water only, 
and you mentioned the fact that there had been those who had been 
dealing with the processes which you think is more ideally suited to 
brackish water. You think there is at least one process that might 
be tried out there ? 

Mr. Garpner. I do, on brackish water. 

Senator Anperson. So that there need be no conflict between the 
bill of Senator Case and myself, and there need be no conflict between 
our bills and the work now done by the Office of Saline Water? 

Mr. Garpner. I agree with that, too. 

Senator Anperson. We don’t want to disturb that any more than 
you do. We want that work to goon. But as far as I am concerned, 
I think we have reached the point where we ought to take a further 
good-sized jump and see if these things don’t work. I think we will 
learn something in the building, and we might be surprised how well 
they work. If 2 or 3 processes should happen to work, that wouldn’t 
break my heart. That would indicate that we are farther along than 
we thought we were. You are ready to start one with a million- 
gallon capacity ? 

Mr. Garpner. Yes, sir. Our firm is presently quoting plants of 
that capacity at firm prices. I wish I could say that we had landed 
one of those jobs but we have not yet. 

Senator ANpverson. Would you mind indicating in what general 
neighborhood the price is? I don’t want to get down to competitive 
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quotations. What general neighborhood would a million gallons run, 

if it were to be built on the east coast, in the neighborhood, let us say, 
of New York, or on the west coast, in the neighborhood of Los 
Angeles? 

Mr. Garpner. I would say that a million-gallons-per-day plant, 
built of materials which have been proven to be good on sea water, 
with a guaranteed service life of 20 years, the capital investment in 
distilling plant equipment only would be in the order of $1,600,000. 
I am not talking about site preparation nor boilers. 

Senator Anperson. That is a very useful figure. I am not trying 
to pin you down here too closely. If the Government were to au- 
thorize the construction of a million-gallon-capacity plant at a cost 
of $114 million or $134 and somebody else prepared the site, you 
would have to have additional money for that, and you started to 
operate, have you any thought as to what the operating costs might 
be, bearing in mind that they will be far higher on this million-gallon 
ar, than they would be on a larger plant ? 

am trying to see how much would have to be sort of subsidized 
through the years to get it down to test the theory that you have. 
Would it be 50 cents, 75 cents, $1, $1.50 per thousand gallons of water? 

Mr. Garpner. Mr. Chairman, in combination with electric-power 
production—talking along the same lines Dr. Badger did—we believe 
the costs would be approximately 90 cents per thousand gallons. This 
again is using materials about which there is no doubt as to their suit- 
ability. Cheaper materials of construction would reduce the cost. 
And I believe that the demonstration plants should be built of cheaper 
materials of construction, and not of the ones that we are fully pre- 
pared to guarantee at the moment. 

Senator Anperson. I think that is a proper attitude to take, because 
if it works, if the process works, a million gallons is not the ultimate 
size. 

Mr. Garpner. No, sir. 

Senator Anperson. It is only a step. Therefore, we don’t need to 
be saddled with 20 years of operation such as you would build in 
a plant for a steamship or submarine. 

That is helpful and appreciate it. 

Mr. Garpvner. With reference to expected costs of fresh water, the 
Griscom-Russell Co. is qualified to speak on the single-effect, low- 
temperature, difference flash distillation cycle and on multiple-effect, 
flash-distillation cycles operating with exhaust steam from a power- 
producing turbine. Valuable information on the costs of a single- 
effect, low-temperature flash process was developed under contract 
with the Office of Saline Water. 

This cycle is based upon the existence of very large quantities of 
water at two different temperatures. With a 30° F. total tempera- 
ture difference between the incoming warm water and incoming cool- 
ing water, cost estimates using the Office of Saline Water standardized 
cost procedures show that water can be produced by this process for 
approximately $1.20 per thousand gallons. This cost includes all of 
the items required to be included by the OSW standardized cost- 
estimating procedure. 

Based on work we have conducted on our own initiative using 
multiple-effect flash distilling units taking the exhaust steam from a 
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turbogenerator set, the total costs for producing water are 90 cents 
per thousand gallons. This cost includes all appropriate charges and 
is based upon fuel costs of 25 cents per 1 million B. t. u. as outlined 
in the OSW standardized procedure. It should be noted that the 
preceding costs do not depend upon the successful proving of any 
hopeful assumptions. They are based on proven cycles, proven ma- 
terials of construction and conservative cost-estimating procedures. 
Lower costs have been estimated for other distillation cycles but we 
believe they have been based on the development of successful scale- 
prevention methods and on the use of carbon steel construction 
throughout. 

The advantages which will accrue from the enactment of this leg- 
islation are: 

(1) Accurate cost data will be made available concerning installa- 
tion, operation, maintenance, and repair. 

(2) Estimates of capital costs of distillation equipment will be 
confirmed. 

(3) The type of engineering data which can only be acquired 
through the construction of full-size units will aid in reducing costs 
of future units. 

(4) The suitability of cheaper materials of construction will be 
determined. 

(5) The existence of demonstration units in this country will stimu- 
late the use of saline water conversion processes in other water-short 
areas of the United States. I make that point because there are many 
distillation units presently being installed and already operating 
abroad, but I believe a small municipality in the United States would 
have much greater faith in something he could go see right in our 
own country. That is why I believe that would stimulate the further 
use of distillation. 

Senator ANpERson. You would be operating it at the standards of 
the American workingman and the wages of the American working- 
man, and give them a much better yardstick as to what the operation 
might be here in this country. 

Mr. Garpner. Yes, sir. 

My last point: We assume, of course, that demonstration units 
would be installed in locations needing supplemental water supplies, 
and the units would help meet that need. 

The Griscom-Russell Co. believes that progress in the production 
of low-cost fresh water should be hastened and that the Federal Gov- 
ernment could encourage acceleration of progress by the enactment 
of legislation which would authorize the awarding of design contracts 
as necessary to permit a thorough evaluation of several distillation 
cycles, followed by the actual fabrication, installation and operation 
of several units, each of approximately 1 million gallons per day ca- 
pacity. 

That concludes my statement, Mr. Chairman. 

Senator Anperson. That isa fine statement. 

Senator Case ? 

Senator Case. Mr. Chairman, there are two questions which suggest 
themselves to me. 

First, there are some communities, of course, where they have a 
water supply and they have to put in a filtration plant. 
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If you found a community where the choice was between a filtration 
plant with a questionable supply of water as far as quantity is con- 
cerned, but the opportunity to use sea water, if the sea water could 
be used, would it is fair to subtract the cost of a filtration plant from 
the cost of one of these plants treating sea water for comparative cost 
purposes? You wouldn’t need a filtration plant I assume if you went 
to distillation ¢ 

Mr. Garpner. No, sir. That is one of the things about distillation. 
We can make distilled water, completely distilled water from sea water 
with not much more money than we can make distilled water from 
brackish water. 

The gentleman from Ionics pointed out that costs in the Ionic’s 
processes are a function of the initial total solids content of the feed 
water. 

Senator Case. With your method you would get purification of the 
water for meeting sanitary requirements without any additional cost 
over that which you would use simply to take out the hardness and 
make water soft ? 

Mr. Garpner. That’s right, sir. The distilled water product has 
been shown to be eens safe for all potable purposes and it is 
presently being done that way in almost every ship that is built. 

Senator Casz. With reference to your final point, No. 6, you suggest 
that: “It is assumed that demonstration units would be installed in 
locations needing supplemental water supplies, and the units would 
help meet that need.” I was wondering if it might not be possible 
to find a community where they have the problem of providing addi- 
tional water supplies who might not be interested in a cooperative 
venture, where the Federal Government might provide part of the 
cost for a demonstration plant but at the same time they might make 
some contribution because it would meet, or help meet, their need for 
en water supply ? 

r. Garpner. To get back to your previous question: If there were 
some doubt as to the adequacy of the supply of a well water which 
had to be filtered, and if this location were adjacent to a seacoast, if 
I were in a position to make the decision I would certainly go to dis- 
tillation, where I have an unlimited supply of feed to use. 

Senator Casr. Probably then the community could consider the 
saline in industrial uses of the water, saline on plumbing costs, boiler 
costs, and things like that, by using distilled water over simply a 
water which was purified from a sanitary standpoint ? 

Mr. Garpner. Actually in a municipality water supply I suspect 
the distilled water would be cut back, so to speak, with available 
brackish waters. 

Distilled water is corrosive in itself in most instances, and it is 
rather flat in its taste, that is, highly distilled water. I imagine in a 
municipal water supply just to make the water more palatable the 
product would be mixed with- 

Senator Casr. With selected salts? 

Mr. Garpner. With some quantities of existing brackish water 
supply to provide a mixed water for distribution to homes. 

Senator Casr. But selected so that the salts would be palatable 
rather than otherwise ? 
Mr. Garpner. Oh, yes. 
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Senator Case. Mr. Chairman, I brought that out because it seemed 
to me that as this matter was explored it might be that we could get 
more than one plant if we could find a community where something 
of this sort would make a contribution toward solving a problem. 

Senator Anperson. I think it is a very important point, because it 
does solve the problem. 

Mr. Garpner. I make the point because we have absolutely no doubt 
about the fact that this plant will work, so that you might as well 
put it somewhere where the product can be used. 

Senator Anperson. Thank you very much. We appreciate your 
being here. 

We will put in the record a statement from the National Aluminate 
Corp., submitted by Walter M. Hertel, vice president, and F. K. Lind- 
say, assistant vice president. 

(The document follows :) 


STATEMENT OF NATIONAL ALUMINATE CorP. 


ITEM NO. 2. DEMINERALIZATION OF BRACKISH WATERS IN THE INTERIOR FOR IRRIGA- 
TION, INDUSTRIAL, AND DOMESTIC PURPOSES 


We believe that the present state of development of the electrodialysis process 
suggests that it is most applicable, and best suited economically, to the conver- 
sion of brackish water found in the interior of the country. In fact, the electro- 
dialysis process appears to be best suited of any of the processes currently under 
consideration for the conversion of brackish water. Depending upon the salt 
content of the water to be treated, and on the percentage of salt reduction 
required, the cost of producing usable water by this process is stated to be 
from 25 to 60 cents per thousand gallons. 

Electrodialysis as a saline water conversion method is relatively new. Con- 
siderable work has been done on this method in recent years in the United 
States as well as in England, The Netherlands, France, South Africa, Italy, and 
Israel. Much of this work was reported in papers presented at the symposium 
on saline water conversion conducted by the Office of Saline Water, United 
States Department of the Interior, and National Academy of Sciences—Na- 
tional Research Council held in Washington, D. C., November 4-6, 1957. 

The main factors entering into saline water conversion cost in applying the 
electrodialysis method are: (1) amortization of initial plant cost; (2) perm- 
selective membrane replacement; (3) electric power consumption. Of these 
factors, the first two constitute a high percentage of the total. We feel there- 
fore that a study should be made of plant construction costs employing plant 
design already developed by such well known groups as Ionics, Ine., of Cam- 
bridge, Mass., and the Central Technical Institute (TNO) of The Hague, Hol- 
land. To this end, we suggest the erection of plants, of the designs referred to, 
to operate on brackish waters of comparable salt content. 

Membrane replacement cost, the second factor referred to above, is dependent 
on the initial price of the membranes, their physical and chemical stability and 
length of operating life. Inasmuch as considerable improvement has taken place 
in membrane development in the past 2 years, a study of membranes of varying 
intial costs, with varying physical and chemical characteristics should be carried 
out in the plant installations referred to above, for their influence on water 
conversion costs. It should be noted here that the operating characteristics of 
the membrane used can also effect the efficiency of the operation of the electro- 
dialysis cell. 

The National Aluminate Corp. is the leading manufacturer of water treating 
chemicals in the United States. Inasmuch as we build no mechanical equip- 
ment, we have made no comprehensive study of large scale complete electro- 
dialysis plants. We have, however, spent considerable research time and money 
over the past 5 years on the development of the perm-selective membranes which 
are such an essential part of the complete plant. 


Senator ANDERSON. The last witnesses this afternoon are Mr. 
O'Leary and Mr. Williamson, of the Maxim Silencer Co. 
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STATEMENT OF F. R. 0’LEARY, MAXIM SILENCER CO., ACCOMPANIED 
BY W. R. WILLIAMSON 


Mr. O’Leary. Mr. Chairman, I wish to express our appreciation for 
being asked to participate in this discussion. 

We have offered a presentation in accordance with the requests of 
this committee which we ask to be placed in the record. 

Senator Anperson. That will be done at this point. 

(The document referred to is as follows :) 


PREPARED STATEMENT OF THE MAXIM SILENCER CO., HARTFORD, CONN. 


For many years man has struggled to find a practical means of converting 
sea water to water of sufficient purity for human, agricultural, and industrial 
consumption. Since 1952, the United States Government through the concerted 
effort of the Department of the Interior, Office of Saline Water, has attempted 
to explore and refine the many and varied processes which have been developed 
for this purpose. In November 1957, the Office of Saline Water and the National 
Research Council conducted a symposium on the subject to report on and discuss 
the status of the art to that date. 

The findings of this meeting are a matter of record and it is, therefore, not 
necessary for us to go into them in this presentation. However, two basic facts 
were resolved which are of vital importance to this hearing. 

1. Thermal distillation appears to be the most practical method of converting 
sea water to fresh. By sea water we mean water with a solids count of between 
30,000 and 35,000 parts per million. An efficient thermal distillation process 
will refine this water down to a soft, pure 5 parts per million or less. 

2. The ionic membrane process appears to be the most practical means of 
converting brackish water or waters of no more than 4,000 parts per million. 
Such a process is capable of ultimately producing water of 100 to 150 parts per 
million which is considered quite potable. 

As manufacturers of thermal distillation equipment, this report will dwell 
primarily upon distillation. 

The art of thermal distillation goes back a great many years. In 1627, Lord 
Bacon observed, “With a heat sufficient for distillation, salt will not rise in 
vapor.” Many of the practical methods developed for obtaining fresh water 
from salt water depend on Lord Bacon’s observation and also the theories on 
“cold produced by evaporation” advanced by Dr. Benjamin Franklin in 1757 and 
1758. These early scientific findings provide the basis of our present-day science. 
In 1790 Thomas Jefferson outlined in a “report on converting salt water to 
fresh” a device known as Captain Chapman’s Simple Contrivance. This con- 
trivance could be made from materials to be found on any ship, and although 
the operation was crude it is strikingly similar to the refined processes we use 
today. 

Sea-water evaporators have been used generally aboard ship for over 100 
vears. We mention this background just to emphasize that the fundamentals 
of thermal distillation are not new. 

The use of sea-water evaporators on shore, however, is rather uncommon and 
very few large installations are in operation in the world today. All are located 
outside the United States. One plant on the island of Aruba has been supplying 
fresh water for general municipal purposes for almost 20 years. Once again 
this is hardly a new concept, but the equipment used is considered rather crude 
in the light of present-day developments. 

For example, it requires a staff of 17 men to continually clean the salt scale 
from this installation. 

In order that you may be able to appreciate the rapid advance in this field in 
the past 20 years, the following cost comparisons should be clearly noted. 

1. A distillation plant installed in the principality of Kuwait by Westinghouse 
several years ago is reportedly producing fresh water from the sea for $4 a 
thousand gallons. 

2. The aforementioned Aruba plant is said to produce water for $3.50 a 
thousand gallons. 

3. A new Westinghouse installation about to be started up in Kuwait will 
produce water at $2.80 a thousand gallons according to current estimates. 

4. The largest single sea-water distillation plant in the world, capable of pro- 
ducing 2,700,000 gallons per day, will be put into operation as a second plant in 
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Aruba within the next few months. This is a combination water and electric 
power plant, and it is estimated that the cost of producing water will be approxi- 
mately $1.75 a thousand gallons. If credit is taken for the electric power sold, 
this cost will reportedly be reduced to somewhat less than $1.50. 

5. In early February of this year, the Maxim Silencer Co. submitted to the 
Secretary of the Interior a design for a 500,000-gallon-per-day sea-water distilla- 
tion plant which will produce pure water for $0.88 a thousand gallons when the 
costs are computed in complete accordance with the Office of Saline Water stand- 
ard procedures. Some of the components of this formula are more conservative 
than is necessary with our design ; therefore, if costs are developed in accordance 
with what we believe to be current commercial practice, the figure becomes $0.63 
a thousand gallons. In other words, my company would be pleased to accept a 
eontract today to produce a plant of 500,000 gallons per day (or in larger 
multiples of this size on the basis of this latter calculation). 

Although the development of the art has moved rapidly in the past decade, 
indeed in the last year, further cost reductions will now be on a much smaller 
scale. Efficiencies (the amount of fuel required to produce a given amount of 
water) are now reaching a plateau, and further explorations into more practical 
basic materials are likely to be tedious. Further advances will, of course, be 
made, but additional cost reductions in the next few years will be in pennies 
rather than in dollars. 

Actual water-production costs obviously vary dependent upon some of the fac- 
tors affecting each individual distillation plan. For example, our company has 
recently installed a relatively small plant (rated at 16,000 gallons per day) ina 
hotel in Bermuda. In this instance, steam to power the evaporator is taken from 
the hotel’s boilers and the necessary sea water from the air conditioning system. 
Hot water is supplied by the evaporator to heat the hotel and operate the 
laundry, and the residual brine is pumped into the swimming pool to warm it 
during the spring and fall months. When normal cost credit is taken for these 
extra functions, the hotel pays only 60 to 65 cents a thousand gallons for its 
distilled water. 

Prior to the installation of the evaporator, this hotel was forced to barge in 
water at costs as high as $8 a thousand gallons. It has now been estimated by the 
hotel manager that the new evaporator will pay for itself in less than 3 years. 

The foregoing comments have been offered in an attempt to clarify our belief 
that practical designs exist today with which to produce large-size demonstra- 
tion plans. The time has definitely come to build such plans to prove the prac- 
ticability of the idea and to assist in the further development of the art. It is 
obvious that the lowest costs quoted to date cannot always compete with the cost 
of natural water, but they are sufficiently low to make sea-water distillation 
practical in many areas. As a direct comparison, the cost of producing electric 
power by means of atomic energy is fabulous as compared with the use of fossil 
fuels. In spite of this fact, large and very costly nuclear powerplants (i. e., at 
Shippingport, Pa.) are being built today to demonstrate the practicability of the 
idea and to assist in the further development of this art. Sooner or later the sea- 
water distillation processes which have been so well refined and engineered must 
also be taken from the test tube and small capacity plant stage and be applied 
in the installation of full-scale demonstration units. 

There are areas in the United States and its possessions which would greatly 
benefit right now from the installation of large sea-water distilling plants. This 
has been a matter of serious study by the Maxim Silencer Co. for the past year. 
Our investigations have disclosed that the following general areas are worthy of 
your serious consideration. 

1. The southern California coastal area from Los Angeles to the Mexican bor- 
der. The population is currently increasing in this area at the rate of 1,000 
people a day. The deepwater wells along the coast have been depleted to the 
point that they are now 100 to 200 feet below sea level. This condition has 
prompted encroachment from the sea with obvious serious consequences. On the 
eastern edge of this area, the lack of water has permitted an advance by the 
desert. We are satisfied there are at least three locations in this area in which 
installations of sea-water distillation plants would be practical today. They are 
as follows: 

A. The city of San Diego: This municipality currently uses arproximately 
25 million gallons of water a day. The basic supply comes from the metro- 
politan water district and the water source is the Colorado River aqueduct. The 
water -is relatively poor and contains about 800 parts per million of solids. 
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The mayor of the city and his scientific advisory committee have studied the 
problem at considerable length, and believe that a plant capable of producing 
approximately 2 million gallons a day would be very valuable to San Diego at 
this time. As the increase in population has also forced a requirement for addi- 
tional electric power, it is conceivable that a joint water and powerplant could 
be built in conjunction with the local utility company. We have reason to be- 
lieve that financial assistance for such an installation might be obtained from 
the city and/or State of California. 

B. The Malibou-Calabasas-Agoura area: A sea water distillation plant of 
approximately 2 million gallons per day, located on the beach in the general area 
of Malibou could supply water to this area which covers an approximate 90,000 
acres. At the present time the population growth in this area is seriously 
restricted primarily because of the water shortage. The only water presently 
available is brought from deep wells and contains as much as 3,000 parts per 
million of solids. Most of the potable water must be brought in in 5-gallon 
bottles at a cost to the populace of approximately 20 cents a gallon. Even 
along the coastline, where water is slightly more available and of better quality, 
one local water company has recently advised all parents that their children 
should not drink tapwater because of the high chlorination. The land is ex- 
tremely fertile and the air smog free. It is only 30 miles from Los Angeles and 
with good water it could be an excellent residential area for the rapidly expand- 
ing population. At the moment this land has little or no value because there 
is no potable water. Once again, electric power demand is rising to such an 
extent that it might be possible to collaborate with the Southern California 
Edison Co., which firm is thoroughly familiar with the water problem in this 
area. Asa matter of fact, they have prepared an interesting detailed report on 
the subject. From a financial standpoint, perhaps assistance could be obtained 
from the State of California or possibly the county of Los Angeles. 

C. Camp Pendleton, United States Marine Corps: It is our understanding that 
there is a serious shortage of water in this area and that the Federal Govern- 
ment is currently involved in litigation over the right to the water of the Santa 
Margarita River. This court action, involving the town of Fallbrook, has already 
cost $1 million in legal fees and could cost considerably more. It is further 
our understanding that a sum of $20 million has been appropriated by the Congress 
for the construction of a dam on the Santa Margarita River to alleviate the 
situation, but that no construction action has actually been taken nor will it be 
taken until the litigation is resolved. A sizable sea water distillation plant 
installed here to supply the Marine Corps would not only help resolve this mat- 
ter but would appear quite important to the defense of the country. Perhaps 
financial assistance could be obtained from the Defense Department for such 
an installation. 

2. The southern Florida coastal area. Here there appears to be one outstand- 
ing requirement in the city of Key West. All of the water supplied to this city 
and to the United States naval station there comes from a 130-mile pipeline. 
This line is old and in constant need of repair and replacement. Maintenance 
costs are staggering. Pressures at the head of this line have had to be raised 
so high, it is estimated that 10 percent of the water is lost through leaks before it 
reaches its destination. At the Key West end of the line the pressure is so low 
that booster pumps have to be provided even in individual homes. In spite of 
this inadequate supply and its possible effect from a national-defense standpoint, 
it is our understanding that the United States Navy feels it cannot authorize 
sufficient funds for a replacement line. They are vitally interested, however, 
in the water problem and it is conceivable that collaboration with this Govern- 
ment department might be acceptable. The city-owned powerplant has recently 
been expanded and we would consider the erection of a sea water distillation 
plant in conjunction with this powerplant very practical by utilizing the waste 
or bleed steam from the present turbines. Adequate capacity is available for 
this. The present cost of water in Key West is very high. It is sold to the 
consumer at $1 a thousand gallons and we doubt very much whether anyone in 
the town would refuse to pay considerably more if they could be guaranteed an 
adequate potable supply. 

3. The Caribbean Island area: Very few islands in this area have enough 
water. The natives have put up with poor and inadequate water supplies for 
years, but if the area is to be developed as a tourist or industrial area, more and 
better water is an absolute necessity. This has recently been forcibly brought 
to our attention in the installation of a Maxim distillation plant on the island of 
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St. John in the Virgin Islands. Although large catchment areas had been pro- 
vided here, the rainfall was so inadequate that water had to be barged in from 
Puerto Rico at a cost of $15 a thousand gallons. In spite of the obvious high 
fuel cost in this area, due to transportation difficulties, the new distillation plant 
will provide water for a cost of approximately $2 a thousand gallons. 

The Virgin Island territory appears to be an excellent one for a demonstration 
plant. A real need exists on the island of St. Thomas where discussions on this 
particular subject have encompassed the past several years. The requirement 
is for 250,000 gallons per day. A shortage of power is expected to exist in this 
area, and plans are currently underway for the expansion of the electric facility 
by means of providing additional large diesel engines. The construction of a 
combination water and powerplant at St. Thomas might represent a real saving 
to the Federal Government. 

The sum of $10 million has been suggested as the appropriate amount of 
Government funds with which to implement this demonstration program. It 
has been suggested that financial responsibility be shared wherever possible. In 
view of this, it would seem logical to us that the soundest program would be to 
build not 1 but 3 sea water distillation plants under this program, one to be 
located in southern California, one in southern Florida, and 1 in the Caribbean 
area. Plants of appropriate sizes could in all probability be constructed in these 
areas for the sum contemplated and would leave a sufficient balance for the 
erection of an ionic membrane plant to further study the problems of converting 
brackish water. 

At the outset of this discussion it was pointed out that whereas the thermal 
distillation processes appear most practical for the conversion of salt water, the 
ionic-membrane processes apparently offer an excellent means of converting 
brackish water. This is particularly true in areas remote from the sea where 
severe water shortages now exist. A disadvantage, of course, of this particular 
process is the fact that it must draw its source water from the rapidly receding 
ground-water table, whereas the sea water distillation process depends upon the 
sea, our only natural resource of unlimited size. 

Many wells in the Midwest farm area and in the great southwestern desert area 
have been depleted to the extent that only brackish, semisalty water remains— 
water unfit for human consumption or for irrigation. In such an area where well 
water can be obtained in sufiicient volume, it would be our suggestion that a 
membrane plant of large size be installed. Such a plant could dispense water in 
such a way as to create a veritable oasis in the desert and prove that with proper 
irrigation and care the land can be reclaimed. A model plant of this type, to- 
gether with the restored areas surrounding it, could serve as a prototype for 
many other such installations where the current lack of rain has actually ruined 
the economy of sizable areas. 

It is our conviction that the above described plan is a practical one. 

It would greatly abvance the 2 methods of water conversion considered today 
to be the most practical, and it would permit the installation of 3 types and sizes 
of distillation plants. These plants would be of sufficiently large size to demon- 
strate in all respects the practical aspects of each design, and to prove their 
economic potentialities insofar as municipal or other very large-scale applica- 
tions are concerned. There is little doubt that these four projects can be ac- 
complished within a 2-year period after initiation for the proposed sum of $10 
million. 

Reputable American manufacturers and engineers are ready today to accept 
contracts for this work. It is hoped that appropriate action can be taken by 
the Congress without further delay to institute this practical solution to a prob- 
lem that has become so vital to our economy and to the growth and strength 
of so many of our allied nations. 


Mr. O’Leary. I would like to make some oral observations to sum- 
marize my statement. 

I feel that the simplest way to say what we have to say is that we, 
Maxim Silencer Co., fod no specific argument with Dr. Badger or his 
approach to the method of distillation. It has been quite well estab- 
lished that avid control, regardless of how you approach it, has 
distinct advantages in the reduction of scale. 
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Likewise, we have and are willing to admit that under brackish wa- 
ter conditions, ionics, or the electric membrane process, has a distinct 
application which must be recognized in economics over and above that 
which is normally presented by ‘distillation processes. 

We know that thermal distillation appears to be the most practical 
method of converting sea water to fresh water. By sea water we 
mean solids between 30 000 and 35,000 parts per million. An efficient 
thermal distillation process will refine this water down to soft, pure, 
5 parts per minute or less water. 

The gentleman from Griscom-Russell approaches this equivalent 
problem in a slightly different way than we in Maxim Silencer ap- 
proach it. We in Maxim approach it having acquired a distinct know]- 

edge of the idiosyncrasies of the production of fresh from salt water 

by many years of t application of these particular processes. We were 
and are suppliers to the first people who had the requirement, namely, 
the United States Navy, the Coast Guard, for their particular pur- 
poses. And in the many applications that we had with these gentle- 
men, we learned many things you can do and cannot do. It was a train- 
ing school that, thanks to our support in the Navy, was an exacting 
one. When they were at sea, the unit must work or the boilers are 
jammed and the ship is in trouble. 

These people have been contracting, and they have developed re- 
quirements that have cost money, no doubt, as to the potential applica- 
tion to land-based installations. 

In many cases the ultimate requirement of the Navy can be simpli- 
fied for land-based installations. The product and analysis that has 
been done by the marine laboratory of the Maxim Silencer Co. in the 
past few years have been an evaluation of the economics of the respe- 
tive systems, the economics of the respective approaches, in order that 
municipal or large-scale applications, to use scale in a horrible way, 
might be practical and justified for water-short areas. 

What the Maxim Silencer system is is the system which is the most 
economic for the specific set of conditions, parameters, that are set up 
by the requirements. 

As I previously said, we would not argue with Ionics or the 
electric-membrane processes in brackish waters because we believe 
that is the approach to brackish waters. 

We do feel that we are able to prove, by actual installations and 
by long-term evaluation of the parameters, the fact that scale does 
and will form and provisions must be made to eliminate that scale. 

Maxim has arrived at methods and techniques for properly elimi- 
nating that scale. These techniques vary, depending on the particu- 
lar set of circumstances that are presented. 

The Maxim system will work on brackish water as well as on salt 
water, but not with equivalent competence. 

The organization that I and Mr. Williamson represent here believe 
that the proper approach to land-based units is to have a multiplicity 
of these units, of those which are presently recognized to the best 
potentials economywise, and prove those particular systems in re- 
spective areas under conditions of normal operation. And by normal 
operation I do not mean test-tube operation, I mean operations of 
sizes that are commensurate at least in units with those which would 
be present in a real large scale application. I am thinking of units 
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at least 550,000 gallons capacity per unit, and those in multiples, two 
of them being a million gallons roughly. 

Senator ANnperson. You have said that the membrane processes 
might be desirable in brackish water, so I will eliminate Senator 
Case’s bill for a moment and say that if my resolution should pass 
and the Secretary of the Interior should make a study and decide 
that the process which you people have sponsored was one that he 
wished to test out, are you far enough along so that you could, within 
a reasonable time, be ready to design for a million gallons by say two 
500,000 gallon units, and that you could construct it and h-ve it prove 
something with reference to this program ? 

Mr. O’Leary. We have quoted units as high as 15 million gallons. 
Those units are completed as far as existing basic fundamental engi- 
neering design is concerned. The components which are in that large 
unit are designed, tested, and we have knowledge of the conditions of 
performance arrived at by extensive testing in our Mile Stone Point 
Laboratory in Connecticut. 

Senator Anprrson. So that you don’t think that there is any need 
to wait for several more years before we build one with a million 
gallons’ capacity ? 

Mr. O’Leary. I know that we have answers to the problems which 
are presented in a million-gallon capacity because we have already 
built, sold in some cases, all of components which would be present 
in the million-gallon-capacity unit. The million gallons would be 
a multiplicity of these components. And that is all. Each of the 
cells has been tested. There is now operating on the island of Ber- 
muda a Maxim unit which is yielding water today in excess of our 
anticipation—our anticipation was 14,000 gallons per day, and it is 
yielding something over 18,000 gallons per day, that water being of 
four parts per million impurity, so-called, off of sea water, and it is 
doing it at costs of around 45 cents a thousand gallons. These are 
not our figures. These are the figures of the people who are paying 
the bills. 

We have taken plants as high as 500,000 gallons’ capacity and cal- 
culated their potential operating cost in accordance with the proce- 
dures set up by the Office of Saline Water and endorsed the figure of 
Griscom of 90 cents, because our figure is 88 cents. We agree with 
much of the factors as applied to the saline method, and believe if 
the factor is properly applied, costs as low as 63 cents per thousand 
gallons are potential. 

Senator Anperson. That is very interesting. They apparently 
have been seriously figuring it, and conscientiously figuring it, and 
so have you, and you come out with a figure that makes it attractive, 
it seems to me, not as far down as it could go, but certainly not as far 
from the goal as the electric figure I quoted today is from commercia! 
power. 

Mr. O’Leary. Another thing that is important. Take the exact 
qualification Mr. Gardner took on Griscom-Russell. These figures 
that we are now quoting are figures that we say commercial organi- 
zation would present to an individual commercial customer, and 
warrant and guarantee their performances. 

If we were able to stick our neck out, to use a phrase, as we might 
want to do in a development or prototype plant—I do not like the 
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word “prototype,” developmental plant—many potentialities exist, 
with little risk to materially reduce that cost, materially reduce that 
cost. I have a hard time with my chief engineer, Mr. Williamson, to 
keep from getting through about specific materials or specific ap- 
proach to a problem if I, as a gambler could take the gamble, it might 
work. But 1 as a commercial supplier, having a warranty or guar- 
anty res onsibility, cannot afford to take the chance. We have taken 
many of those chances in the laboratory. That is how we arrived at 
the position we are at. We have done this on our own. I won't 
quite say that. We have done this on our own to a large extent, but 
we have had in many cases the backing of the United States Navy 
who asked us to solve specific problems. 

We learned many things as a result of this money. We supple- 
mented that money with our own money. The net result is that we 
believe that the separation of salt to fresh water is a practical thing. 
We think it is economically justified in many areas of this world. 
We think that the net result of a prototype development test plant, 
whatever you want to call it, of a practical size, would be to accelerate 
the rate at which the reduction of costs can be attained. 

It is quite common in engineering approaches that you have got 
to take the engineer’s brainchild away from him in order to have a 
child nurtured in proper status. They will also fiddle and diddle. 
You must get it out, put it to work, and make the economics of the 
situation be the irritant that causes the invention or the state of the 
art at a proper rate. 

This is why we completely endorse the approach that has been 
generated by your bill, sir, and frankly, we are quite enthusiastic 
about the rate of change that would result in the state of the art if 
this bill were successful. 

Senator Case. That is a good statement. 

Senator Anperson. Thank you, very much. 

Senator Case? 

Senator Case. Mr. Chairman, in listening to the witnesses here re- 
cently, it occurred to me that we have been talking in terms of either 
distillation or the membrane process. With the distillation, you 
achieve a complete elimination, you might say, of the salts; do you 
not ? 

Mr. Wixtiamson. That is correct. 

Mr. O’Leary. Sir, in distillation, you can get down to less than 1 
part per million, which is just about as complete as you want to be. 

Senator Casr. Of course, for domestic or industrial use, that cer- 
tainly is not objectionable, and since it doesn’t add to the cost to get 
practically salt-free water, that is a goal to consider. 

I am thinking of the problem, however, of water for irrigation. 1 
recognize that the costs we have been talking about are too expensive 
when you think of irrigation water. However, if there were a process 
which could get part of the job done, reduce the salts to a figure with- 
in the tolerance that is permitted for crops, or if we had a process 
which could convert harmful salts into a salt or into a form of mineral 
composition that could not be objectionable, would we use distillation 
or would we have to go to some other process ? 

Mr. O’Lxary. The approach that looks now to be the most ad- 
vantageous on that, sir, is distillation with blending. By blending, I 











a — ee Ue) Ue ee 


SALINE WATER CONVERSION 111 


mean taking some of the large mineral-content water and blending 
it with low-mineral content water and coming out with a passable or 
acceptable minimum content water at much lower cost per thou- 
sand gallons of net water. But passable water—— 

Senator Case. Dilute it. Diluting it. It is the old blend situa- 
tion. Cutting it, in other words. 

Senator Anperson. That ignores Senator Case’s suggesting that 
there are certain salts which are harmful to crops, and others which 
are not. He wondered about the possibility of transposing those 
harmful salts into harmless salts. 

Mr. O’Lxary. I know of no way to do it except by additives. You 
blend them to minimize them and in some cases, minimize them by 
additives or eliminate them in that respect. 

Senator Anperson. It is an interesting field. 

Mr. O'Leary. Ionics, in their approach, finish up pretty much with 
the same situation. They would Anish up with parts per million of 
selective parts, anything from 40 to 500. The distillation process 
will finish up with anything from about 5 to less than 1 part per 
million. In some areas of the country, particularly in the island of 
Aruba, I happen to know they took blended water for taste reasons. 
Likewise, some people were of the opinion that the elimination of 
all of the minerals, or a very large content, was not particularly 
advantageous to health. 

So, on that particular circumstance, there was an agreed blend of 
raw sea water with the distillate. The net result, I am told, and I 
haven’t tasted it, isa very acceptable water. 

I do not, however, want to get the idea across here that water, so- 
called distillate water, is bad tasting. Distillate water is flat, but 
distilled water aerated is to most people not discernible from normal 
tap water, except maybe in an area where it is 800 parts per million. 
Then, it is usually obvious. But under good city water from 90 
parts per million down to 4 or 5 parts per million, you can’t tell the 
difference if it has been aerated. 

Senator Cass. I think aeration improves the taste quality of a great 
many waters. If you have hidden springs, it is a good idea to have 
a chance for air to get to it. 

Mr. O’Leary. We took in, for the sake of information, a group of 
our employees to offset this bugaboo that distilled water doesn’t taste 
good, and mixed up some distilled water, properly aerated against 
tap water and tried to have them tell us which was which. Frankly, 
it was a 50-50 tossup; they didn’t know. This one was sure it was 
tap water and this one was sure it was distilled water. They were 
just about half wrong. 

Senator Casr. Mr. Chairman, I just mention, perhaps to keep in 
sight, while we proceed with the hearings, none of the figures that have 
been suggested yet would of themselves suggest that the process would 
give you water you could use for irrigation. But possibly by dilution, 
and I think perhaps even more so by some process which converts 
some of the salts, we might approach the problem of the irrigation 
water, too. 

I have in my possession a letter from a farmer who received a soil 
conservation award a year or two ago where he had done some experi- 
mentation by additives, I suppose, to convert sonie of the salts. To- 
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morrow I will seek to introduce that in the record and will then ask the 
Office of Saline Water to give it some consideration and perhaps pre- 
pare some comment on his approach. 

Senator Anperson. I think that is very interesting. I hope that 
anyone who is here who has picked up an interesting paragraph or 
two in some trade publication or otherwise that might add to this 
a would submit it to the committee so that we might incorporate 
them into the hearings. 

Mr. O’Leary, last fall I believe there was a story that circulated to 
the effect that Maxim had a process that was looking toward 20 cents 
a thousand gallons. I don’t hold you responsible for news stories any 
more than I hope I will be charged with all of things I have seen at- 
tributed tome. Would you care to comment on that? 

Mr. O’Leary. Yes, sir, I would. 

The story, 20 cents a thousand gallons, attributed to Maxim, was a 
story in which the figure was taken entirely out of context. There 
was a local reporter who came to Maxim knowing that we were poten- 
tial suppliers of systems for reduction of salts to fresh water, about 
the time the symposium on saline water was starting, and had a dis- 
cussion with us as to a local news story. 

This gentleman asked us what the water would cost. We advised 
him that in our opinion the water would be about $1 a thousand gal- 
lons. Then the question came about, what is the $1 per thousand 
Fuel cost, amortization, secondary mainte- 
nance, and so forth and so forth? 

The story that hit the press, or hit the news tickers and wires—it 
really hit them—was that water could be produced for 20 cents a 


He should have added: with either fuel, basically fuel costs—the 
actual fuel cost was about 23 cents a thousand gallons. ‘The 20 cents 
actually was no good figure, other than one that I believe he thought 


Actually what it really was, was about fuel costs. It had com- 
pletely disregarded amortization. And I might say he qualified his 
story, if you read it real carefully, because the way he pit it, it was 
that if a plant were supplied—by a rich uncle or somebody—and if 
fuel were available, the plant could produce water for 20 cents a thou- 


Tf all the “ifs” were successfully transmitted and somebody chose 
to read them carefully, you would have qualified, or people would 
have qualified their acceptance of the 20 cents. 

Senator Anprerson. I only wanted to establish for the record that 
Maxim does not believe that 20 cents a thousand gallons is a sensible 


We hope to get there, but we 


don’t see it yet. I might say that we in the last 3 years have seen 
costs of water by recognized processes go from around $4.50 a thou- 
sand gallons—provable costs, taking all factors into consideration— 
to about 88 cents a thousand gallons, provable costs under the rules 
of the game, no wishful thinking. 
We know these costs are high. We know many things that can 
be and will be done to reduce those costs. There is research needed 
to prove those things in a way that a commercial organization can 
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Senator Anperson. Would the things which Senator Case and I 
suggested in our two bills help to bring that about ? 

Mr. O'Leary. I say, SIT, th at I think this is the fastest way it can 
be accomplished. The need for these particular things will be made 
obvious by the dollar sign. The irritants will be suppl ied. The fact 
that the systems are out of the test tube and into the application 
field will cause many people, not just the people in the water busi- 
ness, the chemical people, the metallurgical people, to contribute to 
this "package so that the net gain of the water user is low-cost water. 
We open the field to others than us who are specifically thinking of 
it. 

Senator Anperson. Mr. Williamson ? 

Mr. Witriamson. May I make a suggestion in line with Mr. Gard- 
ner’s comments? I think that an ideal plant setup would actually 
be steam turbines driving generators for operating a membrane tech- 
nique. Many of our shore installations have brackish wells right 
near the edge of the water. The exhaust from the turbines could run 
the thing that Bill suggested, a couple of flash or submerged-tube 
distillation plants. Then you would have your 2 bills all in 1 package. 

Senator Case. That is an idea, too. 

Mr. O’Leary. This is one of the things that you have in engineer- 
ing. They are developing all the time. This is exactly the situation 
that was presented here. The combination of known facts can result 
in an economic package. Many people still think that people pro- 
posing to make fresh water from salt water practice witchcraft. 
That has changed many, many years ago. 

Senator Anperson. Thank you very ymuch. I want to thank all the 
witnesses who appeared thus far. If any of you do not testify and do 
desire to have statements in the record, please submit them. We do 
expect to hear all the people who are still on the list to be heard 
tomorrow. 

I will insert in the record my letter of February 10, 1958, to the 
Secretary of the Interior, requesting certain information, and attach 
the response which was received from the Secretary under date of 
March 19, 1958. 

(The above-mentioned material is as follows :) 

SUBCOMMITTEE ON IRRIGATION AND RECLAMATION, 
OF THE COMMITTEE ON INTERIOR AND INSULAR AFFAIRS, 
February 10, 1958. 
Hon. FREDERICK A. SEATON, 


Secretary of the Interior, 
Department of the Interior, Washington, D. C. 

DEAR MR. SECRETARY: On February 4, I wrote you with respect to Senate Joint 
Resolution 135 to authorize the Secretary of the Interior to construct, operate, 
and maintain a full-scale demonstration plant for saline-water conversion. That 
communication was intended to bring to your personal attention our appreciation 
of the urgency of action to meet the national water problems outlined, which, 
I recall, you also recognized in an interview with Gould Lincoln in the Washing- 
ton Star a short time ago. 

You are invited to be present in person at the hearing on the resolution before 
the Subcommittee on Irrigation and Reclamation at 10 a. m. Thursday, March 
20, in room 224, Senate Office Building. A summarization of your views on the 
water problems is desired for the record at that time, in addition to comments 
on the Department’s formal report on the proposed legislation which was re- 
quested by Chairman Murray to be furnished within 30 days. Any suggested 
amendments will, of course, be considered. 

In the meantime, it is requested that you direct the preparation in advance 











114 SALINE WATER CONVERSION 






of the hearings of factual information by appropriate Interior agencies on the 
national water problem and related subjects. It is hoped you will have present 
departmental witnesses to present oral summaries in their respective fields, as 
well as to respond to interrogation on pertinent points in the material. These 
interrogations will be aside from questions of policy involved in the proposed 
legislation. 

The immediate areas coming to my mind from which summary information is 
requested in writing by March 10 are outlined as follows: 


1. Office of Saline Water 


(@) Operations and goals or targets under existing legislation. 

(b) Listing of most promising economical processes of desalting sea water 
and the demineralization of brackish water with. 

(c) Comparison of estimates of all costs, including installation, operation, 
and maintenance, etc., under each goal, with indication of what is considered 
maximum economical cost per 1,000 gallons and per acre-foot. 

(d@) What progress other countries are making toward the development of 
economic saline-water processes. 

(e) Any other pertinent information, specific or overall, that will throw light 
on the problem and the solutions sought by the proposed legislation. 

(The Department’s recommendations will, of course, be conveyed in the re- 
port on the resolution through the Bureau of the Budget. ) 


2. Geological Survey 


(a) Comprehensive summary of national water uses and projected require- 
ments in major categories, such as domestic, municipal, industrial, irrigation, 
and any other major uses. 

(b) The most sensitive areas in the country where expanding population, 
industry, or irrigation activities are accentuating the drain on available normal 
water supplies. 

(c) Summary of forecasts of requirements by uses, overall, for specific pur- 
poses and in most sensitive areas in 5, 10, or 25 years. 

(d@) Sensitive areas where quality of water for domestic, industrial, or irriga- 
tion purposes is a problem. 

(Since the Geological Survey is a recognized authority on water resources, 
its summaries will, of course, be of basic value. ) 


$3. Bureau of Reclamation 


(a) Irrigable acreage in reclamation projects that has gone out of produc- 
tion or is threatened by alkali, other salts, or brackish water generally. 

(b) Location and acreage involved in areas where demineralization of brack- 
ish water, if economically feasible, might be helpful. 

(c) Federal investment in irrigation, drainage, or other facilities which 
is threatened or has been written off as a result of water quality, including 
Shade Hill Dam in South Dakota. 

4. Division of Territories 

(a) Water problem on St. Thomas, V. I., with existing and estimated potential 
demand; and how current and past emergencies have been or are being met. 

(bv) Population, resident and tourist, that accentuate water problem on St. 
Thomas. 

(c) Alternate plans (summarized) to meet current and future requirements 
with cost estimates available. 

(d@) Potential solutions considered by desalting sea water or otherwise, par- 
ticularly with reference to a utilitarian demonstration plant with multiple-pur- 
pose possibilities, including augmenting of the power supply for the islands. 

(e) Summary of any water problems in other Territorial areas. 

In order that the factual information requested may be analyzed in ad- 
vance of the March 20 hearing, it is requested that the contributions of each 
agency be transmitted to me in triplicate, not later than March 8. We are re- 
questing broad information by that date on the effect of the quality of water 
on irrigated agricultural land generally in the West from the Department of 
Agriculture, and appropriate information from other agencies and individuals 
by that date. 

A copy of this letter, as a matter of information, is being sent to each of the 
four agencies of your Department that is concerned with this request. 

Sincerely, 
CLINTON P. ANDERSON, Chairman. 
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DEPARTMENT OF THE INTERIOR, 
OFFICE OF THE SECRETARY, 
Washington, D. C., March 19, 1958. 
Hon. JAMES E. MuRRAY, 
Chairman, Committee on Interior and Insular Affairs, 
United States Senate, Washington, D. C. 


DEAR SENATOR MurRRAY: In further response to the letter of February 10 from 
Senator Anderson, chairman of the Subcommittee on Irrigation and Reclama- 
tion, there is enclosed the factual information developed by the Office of Saline 
Water, the Geological Survey, the Bureau of Reclamation, and the Office of Ter- 
ritories, along the lines requested in Senator Anderson’s letter. 

We regret very much that we were unable to furnish this material by March 
8 in accordance with Senator Anderson’s request. 

Sincerely yours, 
Frep A. SEATON, 
Secretary of the Interior. 


1. OFFICE OF SALINE WATER 


“(a) Operations and goals or targets under existing legislation.” 
The procedure for carrying out the research and development contract aspects 
of the program was patterned after that of the National Science Foundation and 
with their assistance. The individual or organization that wishes to carry out 
research on saline-water conversion makes a proposal to the Office in which 
the work is described and the estimated cost given. A formal application for 
Federal aid on a research proposal is made in accordance with a standard form 
available from the Office. An initial review of screening of the proposal is made 
by the small technical staff of the Office of Saline Water. If a proposal is 
feasible technically and conforms to the general scope of the program, it is then 
sent to outside consultants who are experts in the particular field. These con- 
sultants impartially evaluate each proposal in regard to the need for the re- 
search, scientific merit, its apparent economic feasibility and its significance to 
the saline water conversion program. If a favorable evaluation is made by con- 
sultants and by members of the technical staff of the Office of Saline Water, a 
contract is negotiated with the proposer provided, of course, that sufficient funds 
are available at the particular time. 

At the beginning of the saline water conversion program, the cost of con- 
verted water which should be considered as the initial criteria for the research 
program was given much thought. In the judgment of all concerned, it was felt 
that the beginning criteria for each of the various end uses should consist of 
the maximum cost of water for that use from other sources. The initial target 
cost for converted saline water for irrigation uses was set at about $40 an acre- 
foot because that was the highest known cost of irrigation water at that time. 
Likewise, the objective cost for converted water for municipal uses was set at 
about $100 an acre-foot since a few communities were on record as having paid 
that much for untreated, undistributed water at the city intake. With water 
for industrial uses, the permissible cost and range is much greater but data 
comparable to those for municipal and irrigation uses are not available. How- 
ever, it seems certain that industrial uses will be made of converted salt water 
first, since some industries can afford to pay more than can be justified for irriga- 
tion or municipal uses at present. The more general goal is the reduction of 
conversion costs to such an extent that continued expansion in the use of con- 
verted water for various uses takes place. 

“(b) Listing of most promising economical processes of desalting sea water 
and the demineralization of brackish water with 

“(c) Comparison of estimates of all costs, including installation, operation, 
and maintenance, etc., under each goal with indication of what is considered 
maximum economical cost per 1,000 gallons and per acre-foot.” 

(b) and (c). The most promising of the conversion methods now under de- 
velopment include several distillation and membrane separation processes, and 
one form of salt-water separation by freezing. Laboratory and economic study 
to date has narrowed the field from some 20 phenomena or processes to 5 broad 
groups: (1) Distillation through 4 general types using artificial heat; (2) 
solar-heat distillation; (3) separation of salt water by membrane processes, 
of 2 or possibly 3 kinds; (4) freezing; and (5) other chemical or electrical 
means of separation, including solvent extraction. > 
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Reduction of conversion cost may be expected to bring about corresponding 
increase in the use of converted saline water; as the cost is brought closer to the 
maximum prices now paid for water from naturally fresh sources, the demand 
for and the use of converted water will increase. Initially, industrial use is 
likely to be the major market of converted sea water or other saline waters, so 
far as the domestic field is concerned. On present facts, such use may begin 
when the overall cost of converted water is brought within the range of $1 
per thousand gallons ($326 per acre-foot.) Further reduction to the neighborhood 
of 50 to 60 cents per thousand gallons ($163-$195 per acre-foot) may lead to some 
municipal use, especially to supplement deficient present supplies. A reduction 
to around 12 cents per 1,000 gallons ($40 per acre-foot) will probably be needed 
for significant irrigation use. It is likely that a cost that low will first be ob- 
tained in the improvement of brackish waters. 


Bstimates as to cost per 1,000 gallons by various saline water conservation 
processes in United States (without sale of power or other byproducts) 


1952 existing installa- 1957 designed or pro- 1960-70 anticipated (if fur- 
tions jected installations ther research is successful) 































































































Sea water | Brackish 35,000 

35,000 5,000 parts per 
parts per | parts per million ! 
million ! million ! 


5,000 35,000 parts 5,000 parts 
parts per per million, r million, 
million ! ess than— less than— 















Distillation (including 





MN Ste Again: bu> ode $2-$5 $2-$5 $1-$3 |$1. 00-$3. 00 | $0. 50 $0. 50 
Membrane processes. - - - .- (1) (1) 6 . 80 1.00 | . 25 
CIN dan cgt ue a! () ) (1) () . 50 | . 50 
et linemistialiienecdtens dea (4) (4) | (4) () 50 - 25 








1 Not developed. 


It is essential that several different kinds of processes be developed to meet 
all of the needs. Various processes are suited to different conditions including 
local labor and material costs, for providing fresh water from different saline 
sources in different locations for different industrial, municipal, and agricultural 
uses in various quantities ranging from small household stills to large plants 
eapable of furnishing millions of gallons per day. 

“(d) What progress other countries are making toward the development of 
economic saline water processes :” 

Research and development on saline water conversion is under way in a 
number of foreign countries. The major efforts are listed below: 

1. Great Britain—distillation research (particularly scale prevention), electro- 
dialysis, and development of large operational distillation plants. 

2. Netherlands, South Africa, and Israel—electrodialysis. 

3. France—low temperature difference method of distillation. 

4. North Africa, Australia, and Italy—solar distillation. 

There is also a report of work on freezing in France, Yugoslavia, and Israel. 
It has also been reported that Israel plans to undertake research on distillation 
and electrodialysis. It is also known that there is research activity in saline 
water conversion in Russia except for some work on standard distillation and 
electrodialysis processes, little is known. 

Progress in foreign countries toward economical processes is not believed to be 
greater than in the United States. Foreign equipment developed most exten- 
sively is that of electrodialysis, now available commercially from TNO and 
reflected by the fairly large electrodialysis plant for converting brackish water 
being built in South Africa. Additional details are given in abstracts of papers 
presented at the recent International Symposium on Saline Water Conversion, 
and also in the Department’s Saline Water Conversion Report for 1957, a copy of 
which is attached. 

“(e) Any other pertinent information specific or overall that will throw light 
on the problem and the solutions sought by the proposed legislation.” 

Reference is made to the Saline Water Conversion Report for 1957, a copy of 
which is attached. 
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SALINE WATER CONVERSION 


2. UNiITeD States GEOLOGICAL SURVEY 


(a) Summary of national water uses and projected requirements 


About 240,000 m. g. d. (million gallons per day) of water was withdrawn 
from streams, reservoirs, and wells in the United States during 1955 (table 1).* 
Only about a fourth of the water withdrawn was consumed. The water was 
used for industrial, domestic, and agricultural purposes. The amount is equiva- 
lent to 1,500 gallons per capita per day. About 110,000 m. g. d. was withdrawn 
by industries directly for their own use, and an equal amount was used for 
irrigation. About 19,000 m. g. d. of the self-supplied industrial water was saline. 
Eastern industrial areas and western irrigation areas are the greatest water 
users. Withdrawal uses in the midcontinent region were relatively small. 
Many factors will affect the amount of water used in the future. Water sup- 
plies having high quality and low cost are developed first, other things being 
equal. As more and more cream is skimmed off the water crop, additional sup- 
plies will require more treatment, more storage, and higher pumping lifts. But 
critical water needs in sensitive areas will require some developments of poor 
water at relatively high cost. Rising costs of development will tend to force 
more efficient use of water for all purposes. Therefore, it is difficult to make 
accurate forecasts of the increase in water use within the next few decades. 


TaBLE 1.—Water used in United States in 1955, in millions of gallons per day 





Public Self-sup- 
Region supply Irrigation | plied in- Rural 
dustrial 
a eaten an salteele Rueaseel 950 20 4, 868 38 
I ath anand eblailetanay nes nice aradeiiaiaieaiatsiiiels 196 5 1,004 27 
Lower Hudson and coastal area........-.-------------- 1, 720 43 6, 228 37 
SS Sah. coed, Sonia acta diese chain merase Ae oleae 720 32 4, 840 30 
Dosa tatere aitid > canine Satna oe xe eaphe gan anata 863 27 3, 756 100 
Eastern Great Lakes and St. Lawrence. atihiitaeeais 1, 520 24 9, 005 114 
Western Great Lakes-.-...__-.-. Sere 1,770 50 12, 770 164 
ef ai elt a te a et 580 29 8, 276 290 
Southeast - - De are al i as diaries 1, 340 596 9, 822 240 
‘Tennessee-Cumberland. -___- stank: eens 241 7 | 4, 694 70 
Ohio- a ; eee ea 1, 620 23 21, 891 254 
Missouri-Hudson Bay_..._- sl ca tae oe a ae 800 18, 000 4, 181 380 
Lower Mississippi-_-..-.- Scade cau its badcee wu 500 1, 120 3, 461 70 
Arkansas- White-Red_.............._.--- ictal ade git 610 4, 800 1, 978 199 
tn eh ng ae a re eee 1,050 12, 400 * 6,173 158 
Colorado. Forel ie tmiee tie ont de cata tehe ae 190 16, 400 7 32 
BO Ry Caen dual sensi dlatatindiva 220 11, 200 251 39 
Sr INRUGINWODRS 529 o oon occas acs ncsGameeenees 820 25, 800 1, 548 103 
I Sc. dentin ees aiuh ommees - Ae 9, ¢ i 
United States. __- 








Source: U. 8. Geological Survey Circular 398. 





Unquestionably, however, the growth of industry and population will increase 
water use. Supplemental irrigation in the eastern States, increased use of water 
for industrial processing, and higher standards of living alone would add to 
water use even if there were no growth of industry and population. As the cost 
of water increases, adjustments may be made. Uses which give a low dollar 
return per gallon of water will give way to uses from which the return is greater, 
The President's Materials Policy Commission’ estimated that water use in 
the United States will grow to 350,000 m. g. d. by 1975 (see table 2). The Busi- 
ness and Defense Services Administration*® raised the estimate to 453,000 
m. g. d. (see table 3). Woodward * estimated that we may require about 597,000 
m. g. d. of fresh water in 1980 (see table 4). Woodward’s estimates were broken 
down by regions and showed consumptive use as well as total water use. 
Woodward's estimate of agricultural use of water in 1980 indicates that the 
amount used for irrigation may have to be curtailed in many areas in order to 


1 See Geological Survey Circular 398, estimated use of water in the United States, 1955. 
ia for Freedom, vol. 1, p. 51, President’s Materials Poli sy Commission, June 
* Water use in the United States, Business Service Bulletin, U. S. Department of Com- 
merce, Business and Defense Services Administration. 
* Availability of Water in the United States with special reference to industrial needs b 
1980, D. R. Woodward, Industrial College of the Armed Forces, Washington, D. C., 1957. 
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meet needs for municipal and industrial use. He forecasts a decrease in water 
use for irrigation in the Western Gulf-Rio Grande area, Colorado River Basin, 
Great Basin, California coastal region, and upper part of the Missouri River 
Basin. 

TABLE 2.—Hstimated water requirements in 1975 


| Million gal- 
| lons per day 













A ens Side Oaks ce ga esd ills Sens cdasemnsb dds dldeassewidene | 110, 000 
i ier i ale a a shan idl. lesa cnsinemainaiann asin payee + pereriagtigveninn mews | 215, 000 
I ocmpginm endl pilin kin ne meente mentee mga 25, 000 

NI. cits eh madera Seu hatesesat @ cock esis ca apicenwaaedu 350, 000 


Source: President’s Materials Policy Commission (June 1952) Resources for Freedom, vol. 1, p. 41. 


TABLE 3.—Estimated quantity of water needed by 1975 








Miilion gal- 
| lons per day 


i a at is ek eeniawtbindeieadbaa heal oat | 170, 000 
es orn od CRA dt ae nd clipe abaammien dah oamwameamoe eae 29, 800 

Self-supplied industrial: 
Rs a sda muintvwensebaciaiiawwacincem 115, 000 
RD DN 2 ns ll Aiea hackeusuacklalwmapanes + eveeseconon 131, 000 
a a ee oe no aueungneets 7, 200 
NE ie tcl dR diglinknntiigh~diheneinntobedppsssedatcanbiiessent ioe cnaeedine 453, 000 





Source: Picton, W. L. (1956) Water Use in the United States, 1900-1975, Business and Defense Servicas 
Administration, Business Service Bulletin 136, Department of Commerce, Washington, D. C. 


Taste 4.—EHstimated use of fresh water in the United States in 1980 
[All quantities in million gallons per day] 








Gross use ! 
1s Estimated 
Region | consump- 
Domestic | Industrial | Agricul- Total tive use 
tural 

REUSE, Ta eee oe 1, 570 11, 000 500 13, 070 | R80 
Delaware-Hudson. -._.........---- eatin 5, 080 19, 100 700 24, 880 | 1, 56 
Chesapeake... .- ee ee 1, 410 | 9, 900 1, 300 12, 610 | L210 
Eastern Great Lakes-St. Lawrence----_--- 1, 820 | 34, 800 600 37, 220 | 2, 130 
Western Great Lakes.................-.--- 2, 410 55, 000 2, 300 59, 710 | 6, 850 
ais cn ctemwiindmmnct 1, 380 | 33, 400 10, 000 44, 780 | 8, 450 
Southeast. _. _- ea ae ca pc pcsidedien 3, 740 60, 000 8, 000 71, 740 | 7, 590 
Tennessee-Cumberland---_.........--.-.--- 600 18, 700 1, 500 20, 800 | 1, 720 
SS rey eee ee Shanes 3, 110 83, 800 8, 000 94, 910 8, 350 
Missouri-Hudson Bay--.--- Cees tien ai 1, 450 13, 200 28, 000 42, 650 | 18, 200 
Lower Mississippi-_-__-.-...---.----- am: 1, 060 17, 700 9, 500 28, 260 5, 680 
Arkansas-White-Red___...........-- ~oa 1, 080 8, 000 10, 000 19, 080 | 6, 890 
Western Gulf-Rio Grande---_...-...._-- 2, 420 14, 600 12, 000 29, 020 | 9, 440 
ENO cert natinbaintue } oinae oamesitt 780 1, 200 14, 000 15, 980 | 9, 310 
ee aoe ee ean 630 1, 100 7, 000 8, 730 4,710 
Pécttie Nortiiwest..................2-2.25 2, 370 8, 700 36, 300 47, 370 | 18, 800 
I ee hn de sth basnbeendwcdd 6, 310 4, 000 16, 000 26, 310 11, 300 
eine 37, 220 394, 200 | 165, 700 | 597, 120 125, 970 








1 Figures exclude use for hydroelectric power, navigation, and recreation. 


Source: Woodward, D. R., Availability of Water in the United States with Special’ Reference to In- 
— Needs by 1980: Student exercise, Industrial College of the Armed Forces, Washington, D. ©., 
1957. 


The following tables are examples of projected estimates of future water use. 
All estimates of water use 10 to 20 years from now are quite conjectural. They 
are based on present water use, trends in population growth and industrial activ- 
ity, and other factors. Projections usually make no allowance for increased 
efficiency and economy in the use of water. 
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Moreover, the economy in some regions tends to adjust itself to its water supply. 
In other regions, development seems to continue in almost complete disregard 
of the water supply, and increasingly, expensive measures must be taken to 
import water or otherwise increase the supply. 


TABLE 5.—Use of fresh water in Florida, in million gallons per day 








Amount 
Use 7 
1956 1970 (esti- 
mated) 

NR 1 antdn dina see duitiiiindiiiacws sy dahhh obo eweniodigiaabnamaae mpnawia ania mt 11,182 1 2, 200 

PU Rin dis rend dick nas codwatasan ascccdensnountaseaggenrehemnianaan 390 631 
Industrial: 

EID DOVE vies enhndennsagncet cunsedsnensenndtbussneeseareacnsechees 1, 590 2, 120 

pT ee ee a ee 354 770 

CD SOIIIIIG i 5 disp nbd sk bod ok dans andh che ait eemienabens 94 168 

I ide) chk stirtitiidin dé men anuamigrenhh tnasgetetereeetant ange 191 363 

FOE UR nn cbc cag cescmigdbedeseusanddbent gnnkbunedal kaleaweeeel 2, 229 3, 421 


) Average rate for entire year. 


Source: Florida’s Water Resources: Report to the Governor of Florida and the 1957 Legislature by the 
Florida Water Resources Study Commission, Gainesville, Fla., December 1956. 


TABLE 6.—Water use in California* 


28 million acre-feet (20 billion gallons per day) of water used in California in 
1956 

26 million acre-feet (23 billion gallons per day) will probably be used in 1960 

31 million acre-feet (28 billion gallons per day) will probably be used in 1970 

50 million acre-feet (44 billion gallons per day) for full development 


Present annual water requirements in Los Angeles area is 1,134,000 acre-feet 
(1 billion gallons per day). 


Ultimately this area will need 2,670,000 acre-feet per year (2.37 billion gallons 
per day). 
(bv) and (c). Sensitive areas and their projected water requirements 


The relationship between supply and demand is sensitive when the dependable 
supply is not much greater than the consumptive use. Although the gross sup- 
ply is a firm amount on the average, the dependable supply varies with the value 
of the water. The dependable supply can be increased by storage in reservoirs 
and underground, by control of stream pollution, by development of ground water, 
and by transfer of surplus water from one area to another. These methods of 
obtaining successive increments to the dependable supply are increasingly 
expensive, but the expense may be justified by critical needs. 

Among large areas, the most sensitive balances between supply and demand 
are in the Colorado River Basin, the Great Basin, and the California coastal 
area. In many Eastern States, however, !ocal factors, such as serious drought 
or rapid increases in water demands have caused temporary water shortages. 

The average long-term “gross supply” of water is assumed to be the same 
as the average runoff in streams (table 7). This will not change much in the 
next 25 years. The “estimated dependable supply” is the part of the gross 
supply that could be developed economically under present conditions. “Gross 
use” is the total amount of water withdrawn. Some of the gross amount is 
returned to the source and it may be reused one or more times. Therefore, the 
amount shown as gross use exceeds the dependable supply in some instances. 
“Consumptive use” is the amount of water that is incorporated into a manufac- 
tured product or evaporated. When water is used consumptively, the dissolved 
mineral matter in it often is concentrated in the remaining water, whose quality 
is depreciated. Generally, some water must be used without consuming it so 
that it can carry off or dilute wastes. Therefore, not all the dependable supply 
is available for consumptive use. 


1 Source ; Max Bookman, California’s Water Resources and Plans for Their Development, 
in Industrial Uses of Water in California, Committee on Research in Water Resources. 
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Tas_e 7.—Estimated relation between supply and demand in sensitive areas 
[Millions of gallons per day] 





With- | Estimated | Estimated | Estimated 








Region Gross drawal | dependable} gross use | consump- 
supply! | use 1955! ? supply 1980 3 tive use 
1980 3 1980 § 

ee 32, 000 14, 900 24, 000 24, 880 1, 560 
Chesapeake - -.......---- tte calieiesnes 51, 000 4, 750 12, 000 12, 610 1, 210 
Missouri River-Hudson Bay - ------.----- 52, 000 23, 400 33, 000 42, 650 18, 200 
Arkansas- W hite-Red --_-.-.......-.--.-.-.- 90, 000 7, 590 20, 000 19, 080 6, 890 
Western Guilf__..._._--- ee : 52, 000 19, 800 20, 000 29, 020 9, 440 
i athe ot yoo ceeeen aie 13, 000 16, 900 15, 000 15, 980 9, 310 
ae Oa alee aialabii a wile 10, 000 11, 700 9, 000 8, 730 4, 17 
BR ateaeeatsatsiniedhtnicinssamidinspaiescncananiaoipeinds 64, 000 27, 000 28, 000 26, 310 Li, 300 





1 Circular 398. 

2 Includes some saline water. 

2 Woodward, D. H., 1957, Availability of Water in the United States with Special Reference to Industrial 
Needs by 1980: Student exercise, Industrial College of the Armed Forces, Washington, D. C. 





Not all water shortages arise from an unfavorable ratio between supply and 
demand. Many result merely from inadequate storage, diversion, pumping, 
treatment, or distribution works. Reserve capacity is essential in all features 
of a water-supply system to assure that drought or other temporary shortage 
of water will not seriously curtail water use. 

The amount of water used at any time depends on its availability and cost 
and on the need for water. Although the water demand in some arid regions 
does not exceed the dependable supply, more water could be used in those areas 
if it were available for additional industry and agriculture. The arid and 
semiarid areas generally are desirable for industry, but lack of water or high 
cost of water development deters expansion. At some places the amount of 
irrigable land surpasses the capacity of the water supply. 

Sensitive areas are known throughout the country and a description of these 
and their problems would require many pages. We shall outline a few to indi 
cate where some of the more sensitive areas are and to illustrate the variety 
of forms taken by water shortages. 

Delaware River and Hudson River Basins.—This region is humid and well 
watered, but dependable local supplies of water are becoming increasingly ex- 
pensive to obtain or develop. New York City has developed sources as far away 
as the headwaters of the Delaware River. The water used in New York City 
is discharged directly to salt water bays, so little of it is reused. To be reused, 
the waste water would have to be recovered directly from discharge sources. 

In the Philadelphia-Camden area, ground-water aquifers receive some re- 
charge from the Delaware River, and the water is poor in quality. Deepening 
of the ship channel here, which has been proposed, would increase the inter- 
change of water between the stream and the aquifer. Therefore, interest is 
focused now on the quality of water in the river. 

Southeastern United States—At Savannah, Ga., the pumping of ground water 
has developed a cone of depression that extends radially more than 20 miles. 
Near the center of the cone ground-water levels have declined as much as 100 
feet. Salty water has not appeared in the wells, but may be moving slowly 
inland toward them. Outpost wells have been drilled so that forewarning of 
movement will be available in time to allow preventative steps to be taken 
before contamination spreads. 

The highly permeable aquifers in the coastal areas of Florida, especially near 
Miami, are subject to salt-water encroachment even where the hydraulic gradient 
inland from the sea is slight. Contamination can be controlled to some extent 
by proper location and regulation of drainage canals and by careful construction 
and control of pumped wells. 

Throughout much of Florida’s coastal area, conditions permit salt-water con- 
tamination of ground water in the coastal lowlands. Most of the ground-water 
aquifers communicate directly with the sea, and salt water has moved into 
aquifers tapped by wells in many municipal water-supply systems. In some 
eases, new well fields or other sources of supply have had to be obtained. 

Upper Ohio River Basin.—Drainage water from coal mines acidifies many 
streams, especially the Monongahela and Allegheny Rivers and their tributaries, 
and raises the iron and sulfate content of the water to excessive levels. 
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The temperature of river waters in the Youngstown area is raised greatly 
where the water is used for industrial cooling and then returned to the river. 

Throughout the Ohio River Basin, the rivers receive industrial wastes, in- 
cluding phenols, which depreciate the quality of water and create undesirable 
tastes and odors. 

Kansas.—Excessive amounts of dissolved solids in surface waters are one of 
the major problems in Kansas. The principal sources of saline waters are in 
a north-sound band about 150 miles wide across the central part of the State. 
There, salt-bearing rocks occur from the southern border of the State northward 
almost to the valley of the South Fork of the Solomon River and eastward about 
to the confluence of the Saline and Smoky Hill Rivers. 

Arkansas-White-Red River Basin.—Wide seasonal and yearly variations in the 
surface-water supply are characteristic of this region. Without reservoir stor- 
age of surface water, only a nominal percent of the gross supply would be 
available for use. Most of the water supplies that are not fully developed are 
in the eastern part of the region. In some areas the quality of the water is poor. 

Cities in the headwaters of the basins, such as La Junta, Las Animas, Rocky 
Ford, and Lamar, Colo., have serious water shortages during droughts, and the 
water at places is poor in quality. 

Principal cities in western Oklahoma and parts of Kansas are perennially short 
of municipal and industrial water because the natural supply is small and be- 
cause of natural salinity and industrial pollution of the water. The explosive 
growth of Oklahoma City since 1945 resulted in a serious water shortage during 
the drought of 1950-57. The shortage was temporarily alleviated by drilling 
about 70 wells in an alluvial aquifer and 17 wells in a sandstone aquifer. Wells 
in the alluvium have a productive life expectancy of 90 days. Saline water is 
produced with oil in the area, and it may be a new source of supply if salt-water 
conversion becomes feasible. Water in the Arkansas River is saline most of the 
time from John Martin Reservoir, Colo., to Muskogee, Okla. The average con- 
centration of dissolved solids ranges from 1,660 to 1,720 parts per million, but 
at times the concentration is more than 5,000 parts per million. 

Western gulf area.—The western gulf area drains into the Gulf of Mexico west 
of the Mississippi Delta. The balance between supply and demand is favorable 
in the eastern part of the region, but in the western part the demand is approach- 
ing the dependable supply. The two principal farming areas, the Rio Grande 
Valley and the Pecos River Valley, definitely are short of water for irrigation. 
Many parts of Texas are short of irrigation water, and in the northwest part 
of the State pumping from wells is depleting the supply faster than it is being 
replenished. 

Pumpage of ground water for irrigation in the High Plains of Texas increased 
from 1,175,000 acre-feet per year in 1949 to about 5 million in 1954. Recharge 
is estimated to be about 50,000 acre-feet per year, and the ratio of pumpage to 
recharge now is about 100 to 1. In this area the city of Amarillo extended its 
supply lines to new well sites and is studying the possibilities for artificial 
recharge of ground water. 

Dallas and Fort Worth have been short of water in recent years. In 1956 
water imported by Dallas from the Red River was so saline that its usefulness 
was small. 

In the Houston area, pumping of ground water has reduced the hydrostatic 
pressure and allowed the land surface to subside several feet. The structural 
drainage problems are more critical than the shortage of water. 

In southwestern Louisiana heavy draft on ground water for rice irrigation has 
lowered the water levels and induced some contamination by salty water in the 
tidal streams. 

The Pecos River is slightly saline to very saline throughout nearly all its 
course. The concentration of dissolved solids ranges from 1,550 parts per million 
at Puerto de Luna, N. Mex., to 10,700 parts per million near Grand Falls, Tex. 
The Rio Grande River also is slightly saline at times at some points. 

California coastal area.—The California coastal area is the part of California 
that drains to the Pacific Ocean. The balance between supply and demand is 
favorable for the area as a whole, with a surplus in the northern part and a short- 
age in the southern part. Los Angeles and San Francisco discharge large quan- 
tities of usable water to the sea in the form of sewage and storm drainage. 

In the Long Beach, Santa Ana, Huntington Beach, and Orange County areas, 
salt water has invaded the shallow ground water aquifer. Shallow ground water 
far inland is inferior in quality in many places. Very saline waters occur in deep 
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aquifers in the area. The lower reaches of the Los Angeles and San Gabriel 
Rivers are contaminated greatly by industrial and other wastes. 

Salvage of water and importation from areas of surplus is a potential means 
of relief for the water-short southern part of the area. The balance between 
supply and demand in the region as a whole may become critical with increased 
use and drought conditions. 

Missouri River area.—The greatest use of water in this region is for irriga- 
tion, and a great increase in this use is predicted. Pollution and lowered quality 
of water may become serious problems in some areas. 

In Denver and the surrounding metropolitan areas, where shortages have 
occurred, water systems require expansion. Pueblo, Colorado Springs, the 
United States Air Force Academy, Boulder, Longmont, Loveland, Fort Collins, 
and many smaller communities are faced with this problem. Available supplies 
are inadequate to irrigate all available fertile land in Colorado east of the 
Rockies. 

In the High Plains of western Kansas, northeastern Colorado, southeastern 
Wyoming, and western Nebraska the water is generally good in quality but 
limited in quantity. In the northern plains of the Dakotas and part of Minne- 
sota, water is generally poor in quality and short in supply, and expansion 
of use has not been a material factor. 

Colorado River and Great Basin.—According to present estimates, demand 
will equal supply in about 25 years. Consumptive use will be about as great as 
these regions can support and poor quality of water will be a limiting factor 
in some localities. Although the supply and demand are not far out of balance, 
much more water could be used for irrigation and industry if it were available. 

In nearly all of Arizona, municipal and industrial water is in short supply 
during droughts. Water in the southern third of the State is inadequate to 
meet all irrigation needs. Many cities in this region had water shortages during 
the recent drought of 1954-57. 


8. BUREAU OF RECLAMATION 


“(a) Irrigable acreage in reclamation projects that has gone out of pro- 
duction or is threatened by alkali, other salts, or brackish water generally ;” 

To the best of our knowledge no irrigable project area has actually gone out 
of production because of the quality of water applied. There may be instances 
where quality of water contributed to or accelerated the development of un- 
favorable soil conditions and in other instances has prevented growing of certain 
types of non-salt-tolerant crops. In such instances the situation has proved 
susceptible to modification by dilution and proper management practices or 
selection of crops. Likewise, there have also been instances where salts in 
the water in varying degrees have had beneficial effects. 

“(b) Location and acreage involved in areas where demineralization of 
brackish water, if economically feasible, might be helpful ;” 

The development of unfavorable conditions such as restricted drainage is due 
largely to the application of water to soils possessing unfavorable physical and 
chemical characteristics. The various interactions, however, are very complex 
and accordingly the net effect is difficult to predetermine. Based on our present 
understanding of the situation there are no areas where it can be safely assumed 
that demineralization of brackish water is a practical solution to this problem. 
In the final analysis, sustained irrigation is dependent upon getting sufficient 
water of suitable quality through the soil profile to permit leaching of harmful 
salts. There may be instances where demineralization would be helpful in 
this respect. 

“(c) Federal investment in irrigation, drainage, or other facilities which 
is threatened or has been written off as a result of water quality, including 
Shadehill Dam in South Dakota.” 

Excluding Shadehill Dam, there is no Federal investment in irrigation, drain- 
age, or other facilities which is threatened or has been written off because 
of quality of water. With respect to the Shadehill Dam in South Dakota, 
studies of the feasibility of irrigation development are continuing. A favorable 
response has been indicated from application of gypsum on the development 
farmlands. A number of years will be required, however, to determine the 
feasibility of irrigation. In this instance both unfavorable inherent soi] char- 
acteristics and poor quality of water appear likely to contribute to unfavorable 
reactions under irrigation. It should be recognized, however, that reimbursable 
irrigation costs of the Missouri River Basin project units would not be written 
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off if the irrigation proves infeasible, but rather that they would be met from 
other project revenues. 

There have been a few instances as in the Moreau, Bad, and part of the White 
River Basins of South Dakota where preliminary investigations have disclosed 
that the water quality was of such nature as not to warrant detailed feasibility 
studies. It is quite likely that more detailed investigation would indicate that 
soil problems as well would develop. 


4. OFFICE OF TERRITORIES 


“(a) Water problem on St. Thomas, Virgin Islands, with existing and esti- 
mated potential demand; and how current and past emergencies have been or 
are being met:” 

For a number of years the Island of St. Thomas, Virgin Islands, has had a 
difficult water problem. Although the average rainfall is between 40 and 50 
inches per year, it is unevenly distributed through the year and rapid runoff, 
as well as rapid evaporation, causes serious deficiencies for extended periods. 
There are no substantial flowing streams on the island, nor are usable under- 
ground sources of water believed to exist. 

Many private homes and certain of the hotels provide their own potable water 
supplies to a degree through catching rainfall; others rely primarily or entirely 
upon the city water system, which is supplied by catchments. During dry periods, 
however, these resources have proved to be inadequate. At such times, it has 
in the past proved possible to secure emergency assistance upon occasion from 
the Navy, through the barging of supplemental water supplies from Puerto Rico. 
This practice, although far from satisfactory, has been followed for a consider- 
able number of years. 

During recent years, the demand upon the city water system has increased 
sharply, due partly to construction of many new tourist facilities, plus several 
publie installations which are substantial water users. The economic basis for 
St. Thomas is primarily the tourist industry. While residents of the Virgin 
Islands may have learned to live with occasional water rationing, tourists will 
not accept it. 

These recent increases in requirements have on several occasions made the 
problem extremely difficult, and required the barging of tremendous quantities 
of water over extended periods. To avoid dependence upon the Navy, the Virgin 
Islands government in 1956 purchased a tug and barge which was used on 
virtually a round-the-clock basis for a period of some weeks during the winter 
tourist season of 1956-57. Some water was also secured through Navy and 
commercial barging at that time, but the bulk of the supplemental water was 
provided through operations of the Government’s own tug and barge. By that 
means a severe water stringency was averted at that time. 

The use of the tug and barge, however, has never been considered by the Office 
of Territories or the Virgin Island government as other than a stopgap measure. 
Simultaneously, plans have been developed for the installation of water conver- 
sion facilities, to be operated by the Virgin Islands Corporation, on a basis 
whereby the water produced may be sold at cost to the Virgin Islands govern- 
ment, for distribution through its mains. 

With respect to existing and estimated potential demand, we rely primarily 
on the careful study made by the engineering firm of Gibbs & Hill, Inc., in 
1956. That study found a present requirement of slightly over 200,000 gallons 
per day, which it expected would increase to approximately 376,000 gallons per 
day in 1970. For 1965 we calculate a minimum need of 320,000 gallons per day. 
The study also found a present installed dependable capacity of only slightly 
more than 100,000 gallons per day, a present average use deficiency of approxi- 
mately 110,000 gallons per day, and an anticipated use deficiency by 1964 esti- 
mated at 200,000 gallons per day. Thereafter, the use deficiency is expected to 
increase each year by an additional amount of about 20,000 gallons per day. 

“(b) Population, resident and tourist, that accentuate water problem on St. 
Thomas.” 

The population of Charlotte Amalie St. Thomas, increased from 9,801 in 1940 
to 11,469 in 1950. For 1955 Charlotte Amalie’s population is estimated at 12,500. 
Assuming that the recent moderate rate of growth will continue, Charlotte 
Amalie’s population in 1965 may be estimated at approximately 15,000. 

At present, approximately 1,600 permanent residents of Charlotte Amalie use 
water regularly in their residences from the municipal potable water system. 
It is estimated that this number may increase to 2,000 by 1965. 
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For purposes of estimating the effect of the tourist population on the water 
situation in St. Thomas, analysis must be based primarily on the number of 
tourists arriving by air, since cruise ship visitors and military personnel do not 
ordinarily stay overnight in St. Thomas. 

Following are visitation figures by air, for a 4-year period (fiscal years) : 


29, 000 


46, 267 

Figures for visitations by air during the fiscal year 1957 have not yet been 
authenticated, but there is believed to have been another substantial increase 
over previous years. The firm of Ballante & Clauss, Inc., which recently com- 
pleted an airport feasibility study of the Virgin Islands, has estimated that the 
number of tourists visiting St. Thomas by air will increase to 150,000 per year 
by 1965. 

These recent and projected figures on resident population and tourist visita- 
tions tend to bear out in general estimated requirements for water developed 
in the Gibbs & Hill study. 

“(c) Alternate plans (summarized) to meet current and future requirements 
with cost estimates available.” 

In addition to the proposal for salt water conversion facilities, careful attention 
and study have been given to other possibilities of developing a potable water sup- 
ply from other sources. No less than nine possible alternatives are briefly 
analyzed and summarized by the Gibbs & Hill report, each of them being dis- 
earded as either unreliable, unsanitary, or too costly. Among those which have 
received the most attention are (@) expansion of paved catchment area with 
reservoir storage, (b) development of ground water supplies, (c) impound- 
ment of surface waters, particularly at Turpentine Run, and (d) barging of 
supplemental supplies from Puerto Rico, the method which has been used dur- 
ing recent years. 

The Gibbs & Hill report, on the basis of careful study, concluded that the 
provision of an additional dependable supply of 200,000 gallons per day from 
construction of additional catchments and reservoirs would require the paving 
of approximately 74 acres of catchment area at a capital cost of approximately 
$9,500,000. While the maintenance cost of such a method would be low, the 
capital cost alone would result in a relatively high cost per unit (from $27.50 
to $6.78 per 1,000 gallons, depending on the extent of usage) and the supply 
would not be sanitary without filtration and chlorination. 

As to ground water, geological considerations predict a generally unfavor- 
able experience from the drilling of wells. Such wells as exist on St. Thomas 
are not very productive, and the quality of water is in general unsatisfactory 
for human consumption. In order to leave no possibility unexplored, however 
the Virgin Islands government has entered into a cooperative agreement with the 
United States Geological Survey at a cost of $15,000 for test drilling operations. 
While it is possible that some supplemental supplies may be secured from this 
source, all the evidence indicates that ground water cannot make a major 
eontribution to the solution of the problem. 

With respect to possible impoundment of surfacewaters, the only source 
ever considered by anyone to have real possibilities is Turpentine Run, which 
has the largest drainage area on St. Thomas. However, repeated studies 
through the years have found that impoundment of this stream would fail to 
supply a reliable supplemental supply, and that the yield in fact would be less 
than that obtainable from rainfall catchments. There would be high percola- 
tion and evaporative losses, and in addition the quality of water would be poor. 
However, in order to study any unexplored possibilities in this potential source, 
the Virgin Islands government has entered into a contract with the New York 
engineering firm of Tippetts, Abbott, McCarthy, and Stratton, at a cost of $34,- 
000, for a complete survey of all rain water possibilities on the island. 

The method of barging supplemental water supplies from Puerto Rico is the 
one which has been used in emergency situations in the past. In cases of extreme 
emergency it is believed that some water can always be secured from this 
source. However, such a source is not dependable, being subject to weather 
conditions, availablility of barges, etc. In addition, it is believed that a reliable 
source on the island can be developed through a salt water conversion process 
yielding water at less cost. 
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During the water shortage of the 1956-57 winter season, water was secured 
by barge through Navy assistance, through chartered tug and barge, through 
commercial purchase, and through use of the Virgin Islands government’s own 
tug and barge. Costs from these various methods ranged from $4.80 up to over 
$14 per 1,000 gallons. The lowest of the barging costs ($4.80 per 1,000 gallons) 
was that of the Insular government’s barge and tug; however, it is not certain 
that such a comparatively low level of cost could be maintained indefinitely with 
the equipment on hand, or that such equipment could readily be replaced at the 
time uired and at a reasonable cost. 

“(d) Potential solutions considered by desalting area water or otherwise, 
particularly with reference to a utilitarian demonstration plant with multiple- 
purpose possibilities including augmenting of the power supply for the islands.” 

As noted above, present proposals call for installation of proven and fully de- 
veloped water conversion facilities to produce a dependable source of supple- 
mental water for Charlotte Amalie. It is planned that the plant would be 
constructed and operated by the Virgin Islands Corporation, a wholly owned Fed- 
eral corporation, and that the facilities also include additional power-generating 
capacity to meet the growing need for power there. Since the Virgin Islands 
Corporation now operates the power system on St. Thomas, the additional power 
from this source can easily be integrated into the existing power operation. 

The plant as originally conceived would have a 200,000 gallon output of fresh 
water per day and a net power output of 1,600 kilowatts. More recent de- 
signs (January 1958) would produce 250,000 gallons of water per day and a 
net power output of 2,337 kilowatts with substantially the same thermal input 
to the plant. A plant of this type is estimated to cost $2 million complete, in- 
cluding new fuel storage tanks and pipelines for Bunker C fuel oil. The plant 
could be so arranged that when no fresh water were needed, it would operate 
as a regular condensing steam electric generating plant. Such a plant would 
meet the island’s water needs until perhaps 1966, assuming the accuracy of the 
Gibbs & Hill estimates of future needs. 

It is estimated that a combined plant could produce electric power for 12 mills 
per kilowatt-hour, as compared with the present cost of 19 mills, including 
operation, depreciation, and interest. On the same basis it is estimated that 
the cost of water produced at a combined facility would be $1.50 per 1,000 
gallons delivered to storage at the plant. If interest and depreciation are 
neglected, the cost of water would be about $0.86 per 1,000 gallons. 

Although the estimated cost of potable water produced from such a facility 
may be high in comparison with normal stateside water costs, its reasonableness 
should be considered in the light of the critical need for an additional firm 
water source and the expense now being incurred to bring in supplemental 
supplies of water. 

The increased power needs of St. Thomas are such that it is estimated the 
full output of this plant could be absorbed by the island power customers within 
4 years after its construction. It would not replace any of the existing generat- 
ing equipment; however, because of its lower cost per kilowatt, it could be 
used as the base load plant to the limit of its capability, i. e., about 90 percent 
of the time 24 hours per day. 

“(e) Summary of any water problems in other territorial areas.” 

Although the provision of an adequate supply of water has been an occasional 
problem in other territorial areas, it is not believed that up to the present time 
it has reached such magnitude in any of them as to be of interest to the com- 
mittee in terms of its present study of possible demonstration plants for saline 
water conversion. 

In the Territory of Hawaii, local problems of water supply exist in particular 
areas on several of the islands, including several of the larger ones. It is 
characteristic of the Hawaiian group that heavy rainfall may be experienced 
on the north or northeast side of the islands, while on some of them the 
southern or southwestern side may be characterized by light rainfall. Thus, 
on the Kona coast of the Island of Hawaii a serious drought has been experi- 
enced during the past few months, happily broken a few days ago by heavy 
rains. 

On several of the islands large-scale irrigation works have been built by 
private capital (chiefly the sugar and pineapple plantations) to bring water 
from the wet side to the dry side of the island. During the last 2 years, the 
United States Bureau of Reclamation has conducted a study of the Molokai 
project, an irrigation project now under construction by the Territorial gov- 











126 SALINE WATER CONVERSION 





ernment involving extensive tunnelling on the island of Molokai. The project 
here envisaged, however, would have no need to call upon salt water conversion 
processes. Generally, it is not believed that salt water conversion processes are 
needed or could compete with conventional processes of diverting surface or 
underground supplies from surplus water areas to dry areas. 

In the Trust Territory of the Pacific Islands, water supplies have generally 
been secured through some form of catchment. Occasional problems of supply 
may have been experienced on a local basis, particularly by the indigenes on 
some of the low islands; however, we know of no particular area which requires 
possible resort to water conversion methods at this time. 

It is our understanding that on some of the smaller low islands in the Pacific 
used primarily as air bases, involving substantial numbers of stateside personnel 
for their operation, salt water conversion processes may be in use at this time 
on a considerable scale. For detailed information on such operations, inquiry 
should be directed to the administrative agencies having jurisdiction over those 
particular areas. 


Senator Anperson. Thank you. 

We will recess until 11 o’clock tomorrow morning. 

(Thereupon, at 5:02 p. m., the subcommittee was adjourned, to 
reconvene at 11 a. m., Friday, March 21, 1958.) 
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FRIDAY, MARCH 21, 1958 


Unrrep States SENnArtE, 
SUBCOMMITTEE ON IRRIGATION AND RECLAMATION 
OF THE CoMMITTEE ON INTERIOR AND InsuLAR AFFAIRS, 
Washington, D.C. 

The subcommittee met at 11 a. m., pursuant to recess, in room 224, 
Senate Office Building, Hon. Clifford B. Case presiding. 

Present : Senator Case, 

Senator Case. The hearing will resume on Senate Joint Resolution 
135 and S. 3370. 
_ At the request of Senator Anderson, I will proceed with the hearing. 
Senator Anderson is temporarily obligated to be at another group 
meeting and I am hoping he will be able to come in before we have 
concluded the hearing this morning. 

We will proceed with Mr. Roland L. Coit, of Westinghouse. 

Mr. Coit, will you proceed with your statement in your own way. 


STATEMENT OF ROLAND L. COIT, ON BEHALF OF WESTINGHOUSE 
ELECTRIC CO. 


Mr. Corr. Senator Case, we are very happy to have an opportunity to 
present our views on this problem. We find that we are in general 
agreement with the other manufacturers with regard to the timing 
of this demonstration plant, which has been proposed. 

We feel that the plant should be built and can be built at this time 
with the technical knowledge which is available from several different 
manufacturers as was shown yesterday. 

We feel we are especially well qualified to make this statement 
because we have operating experience in the field with units which are 
larger than the ones which were being discussed yesterday. 

e have experience in Kuwait with a plant of a new type, a flash 
distillation plant which is 214 million gallons per day capacity. 

This plant was erected during last summer and is now in operation. 
The results from that plant show us that this type of plant has quite 
a great potential for producing potable water from full-strength 
sea water. 

We are in agreement with the theme yesterday that all of these 
discussions should be broken into the two categories, brackish water 
and full-strength sea water. 

We feel that flash distillation is one of the more promising ways 
of producing potable water from full-strength sea water. 
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The new saline water report for 1957 has a picture of the plants 
in Kuwait. Those of you who have that can take a look at that now 
if you like. 

can tell you something about it. For your benefit, Senator, this 
is an artist’s conception of it. The unit shown in the saline water 
booklet shows three things that look like the Wnited Nations Build- 
ing. These are evaporator structures and we finally placed in 

operation four of those. Each of those units has capability of 630,000 
gallons per day. 

Senator Case. Mr. Coit, for myself, as a layman, and for others 
who will read these hearings, particularly those who have not much 
background in these different forms of installations, suppose you 
tell us what is meant by flash distillation. 

Mr. Corr. This is the same thing that Mr. Gardner referred to 
yesterday, flash distillation or flash evaporation. 

e mechanism is that you heat sea water to a temperature of 
180° to 200° by steam or some other heat source. 

Then you pass it into a chamber which is under vacuum or a pres- 
sure lower than the temperature at which you heated the water. 

The portion of the water then flashes because of energy exchange 
and this then is your method of distillation. You condense this 
vapor which has been flashed and that is your product. 

Essentially it is distillation, the thing that is different about it 
is that the distillation occurs on the droplets rather than on the heated 
surface. 

This, we feel, and have found minimizes the control of the scale 
problem. 

Is that sufficient ? 

Senator Casr. Yes. 

Of course, the minimization of the scale problem lends itself to 
economies, I assume, in the result ? 

Mr. Corr. Economies in operation and economies in design and 
stability in continuous operation. 

Senator Casr. I notice by reference to your statement that you 
started out on this plant at Kuwait with a plant capable of handling 
720 — per day, that you went from that to 1 millions gallons 

r day. 

SNe: you tell us that your recently completed installation will 

handle 214 million gallons? 

Mr. Corr. Yes, sir. 

Senator Case. What does that experience indicate to the practica- 
bility of a plant in the neighborhood of 1 million gallons so far as 
getting dependable results is concerned in measuring the cost of the 
operation ? 

Yesterday we talked quite a bit about plants of 1 million gallons 
per day capacity as suitable for demonstration plants. 

Mr. Corr. I think in our opinion that size plant would enable very 
accurate calculations to be made of further increases in size. 

The reason is that the basic building block or construction unit 
as you can see there, is a plant of 630,000 gallons per day. 

You see, each of those individual plants of which this is one, the 
building block that we have which is adjustable in size, is 630,000 
gallons per day, a complete operating entity. . 
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So if you want to build additional plant capacity you simply 
line up more of those units. 

Senator Case. Supposing you put up two of those units. Would 
there be any economy in having the two, other than the administrative 
overhead ? 

Mr. Corr. No; just the usual engineering approach that larger units 
cut engineering cost. : 

Senator Case. So far as the plant is concerned, the 630,000-gallon 
unit is as economical for the process itself as if you had a dozen of 
them ? 

Mr. Corr. Yes; that is true. The economies are only in construc- 
tion and overhead type of costs. It is entirely practical to build this 
so-called building block in 1 million gallons as well as 630 gallons. It 
is simply for this operation it was practical to build it in that size. 
It is interesting to note that these 4 units, which are alined there 
like boilers, are now being attended by only 1 or 2 men. So, the operat- 
ing costs are essentially, I mean so far as labor for operating, very 
small. They are completely automatic. 

Senator Case. What does your experience indicate as to the life of 
the basic plant? 

Mr. Corr. I think it is within the usual design; 20-year life could 
certainly be achieved. We have units in Kuwait now for about 8 
or 9 years of another design, and we feel the life of this unit is longer 
than those. 

Senator Case. Do you have to replace any part of the unit because of 
scaling? 

Mr. Corr. The scaling problem, we feel, has been very definitely 
minimized. We have about 4,000 hours’ operation on 1 of these units. 
That is how long it has been since it has been in operation. It appears 
to be highly successful with regard to scaling. 

Senator Casr. What have your operations indicated for cost? 

Mr. Corr. They are shown on table I of my prepared statement. 
Kuwait is a unique area so far as fuel costs are concerned, They are 
still flaring off gas as we used to in the Southwest some years ago. 

So, the fuel cost is essentially zero. You see the various schemes 
there that I have shown. If we take the basic plant and assign to it no 
fuel costs, there still remains a cost of 63 cents per thousand gallons, 
which is just fixed charges. If we combine the production oo olan 
with that of power, which is done in Kuwait, the powerplant and the 
evaporator plant are in the same area, operated by the same staff, that 
reduces the cost to 37 cents per thousand gallons, 

So, I think those numbers at least show us that there is a certain 
irreducible minimum in the capital charges imposed on this water 
production; that, even if fuel did not cost anything, these kinds of 
numbers are with us. These are based on actual charges for the plant, 
with the plant in operation, and all the charges in that is the analysis. 

Senator Casz. Is the water immediately available after treatment 
to go into service mains? 

Mr. Corr. Yes. There is blending or diluting, as was mentioned 
yesterday, to stretch the water. They have brackish water available 
about 3,000 or 4,000 parts per million. Some of that is blended to 
bring the total solids oa up to 300 or 400 parts per million. 

Senator Casr. Are these plants located so that they are immediately 
adjacent to the community that the water serves? 
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Mr. Corr. They are adjacent to the community. The water-distri- 
bution scheme there is rather interesting in that they treat water 
much as we treat fuel oil. Water is distributed not by pipes, but by 
tank trucks, and each house has a little tank on top, like farm homes 
used to do, pump the water up and let it run down by gravity into 
the homes. 3, water is very precious there to the people. It is treated 
much as we treat gasoline or fuel oil. 

Senator Casr. To evaluate these things from a cost standpoint, I 
think, we have to keep in mind the availability of the water to the 
purpose for which it will be used. 

For illustrative purposes, let us assume we have a city which is 
adjacent to the ocean where it could use sea water if it had a practical 
process, but it does not, so it goes up to the mountain, 15, 20, 25 miles 
away, and there constructs a reservoir and has to bring the water 
down to the community. 

Sometimes they use a closed flume; sometimes they carry it in an 
open stream, if they build a filtration plant. 

That cost, until the water reaches the city limits, is a cost which 
enters into the price at which that water can be sold, of course. 

You have the distribution cost beyond that. If you have a commu- 
nity which was getting its water from some existing source and has 
the reservoir cost, the carrying cost to get it to the city limits and, 
possibly, a filtration plant there; that cost would be eliminated if this 
plant could be put on the other side of the city, let us say, and pick 
up the water from the ocean. 

When you have figures here of $1.87 or $1.61 for a thousand gallons 
where you include the fuel cost, do you have any basis for comparing 
that with the cost that some communities in this country might have 
for getting their water supply to the city limits? 

Mr. Corr. No, sir; I am not familiar with that. These numbers 
shown, $1.87 and $1.61, should be commented on, I think, in that 
they are based on importation of oil into an area, like an island area, 
or something like that. 

We have continued our evaluation, using the methods established 
by the Office of Saline Water and using their fuel cost, and we find 
$1.13 per thousand gallons, without power production, and 79 cents 
with power production, which, again, agrees pretty well with the 
numbers which were shown yesterday, around 80 to 90 cents a thousand 
gallons. But I am not familiar with those other numbers. 

Senator Case. I simply mentioned that point so that, as we think 
about the practicability of using some form of desalinization for 
making water available to a community, we ought to keep this in mind, 
whether or not that community would have a cost over and above 
distribution costs as a cost of generating the water itself. 

Mr. Corr. I think another interesting comparison could be made, 
that this area has, as I say, brackish water, 3,000 or 4,000 parts per 
million, and they also have access to the sea, and they chose to go to the 
sea rather than to the brackish water. 

Senator Casr. Why? 

Mr. Corr. I would say probably because of the need for power. In 
other words, if once you decide you need power, then the combina- 
tion of evaporator plant with power is economical, probably, more 
than trying to combine a powerplant with the ionic process, which 
makes no use of the waste heat from the powerhouse. 
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Senator Casz. Have you used flash distillation on brackish water 
as well as sea water ? 

Mr. Corr. Wehavenot. We intend to develop that. 

Senator Case. Do you anticipate any particular difficulty in adapt- 
ing it to brackish waters ? 

{r. Corr. Sea water is a predictable thing and brackish water is 
unpredictable. 

I think it would require considerable investigation of chemical 
aspects of avoiding scaling. 

But it is not a completely unknown field in that all the powerhouses 
around the country, and they are distributed in every area, do evapo- 
rate local water for boiler water. So, we have a basic background of 
information from which to start. 

If you can evaporate it with a submerged-tube evaporator, we are 
convinced you can evaporate it much more easily with flash distilla- 
tion. 

Senator Casr. What difficulties would you see, if any, in developing 
a demonstration plant for brackish waters, using the flash-distillation 
method ¢ 

Mr. Corr. There would be the scaling problem. That would be the 
one we would be concerned about; the ability to keep the units in service 
a long time. 

As I say, I think there is technical background in most areas of the 
country and itis not an unknown field, but one in which there would 
have to be some engineering study. 

Such a plant would be useful in a given area in that it did show 
that the scale could be controlled. 

I think the value of one of these plants would be the fact that, 
as other people have mentioned, nr could come and see it. It is 
very interesting to see water coming, sea water coming into a plant 
and drinking water coming out at the other end of a 6-inch pipe run- 
ning full, that this plant produces. 

If you discharge that in an open flume, it is very interesting, I think. 

Senator Caszr. Are you experiencing an influx of visitors to your 
plants in Arabia? 

Mr. Corr. Yes, it has become a stopover point for people in the area 
to see these plants. It has been true before and even more so now. 
There are developments in Israe] and places like that that are actively 
being negotiated now by several manufacturers to use distillation for 
rather large-scale water production in the whole Middle East area. 

Mr. Lineweaver. To summarize your view, Mr. Coit, the view of 
Westinghouse, do you state that the saline-water programs have passed 
the pilot-plant stage ? 

Mr. Corr. I would say it has in the field of distillation. In fact, it 
has before they were organized and they appreciate that, also, that the 
thing we are proposing is now new, but it is practical and if we are 
looking for some practical demonstration, then it is our feeling that the 
technology has ‘advanced such that it should and could be done. 

Senator Casr. Do you see any field for a new breakthrough that 
would thoroughly modify the costs of the operation as you now have 
it developed ? 

Mr. Corr. Maybe breakthrough is not the right word, but engineer- 
ing advances are definitely in the offing. 
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a We are not on the flat part of the cost curve. Things are coming 
own. 

As I mentioned in the statement, as to our own apparatus between 
1953 and 1957, in spite of the rising indices, we were able to install this 
new type plant at 40 percent under the cost of the other plants for 
evaporating equipment, only. 

Senator Casr. In what period of time was that? 

Mr. Corr. 1953 to 1957. That was a design change. 

In other words, we went from a o-called pulyhorged tube evaporator 
to this type and that in itself reduced our cost that much. 

Senator Casz. Reduced by 40 percent ? 

Mr. Corr. That is right, to 60 percent. 

This change in materials that has been mentioned by other people 
is a potential large reduction in capital cost. If we can show that lower 
cost materials can be used economically, then there may well be another 
large cost reduction. 

Senate Case. Thank you very much, Mr. Coit. That is a very 
helpful statement. 

Your entire prepared statement will appear at this point in the 
record, to supplement your remarks 

Mr. Corr. Thank you. 

(The statement referred to follows :) 





PREPARED STATEMENT OF ROLAND L. Cort, ON BEHALF OF WESTINGHOUSE 
ELEcTRIC Corp. 


We are pleased to have the opportunity to discuss Senate Joint Resolution 135 
before the Committee on Interior and Insular affairs. 


A. WESTINGHOUSE EXPERIENCE 


While we have not participated directly in the saline-water program sponsored 
by the Congress, we have followed these developments with keen interest. These 
research programs have been helpful in evaluating the various schemes for pro- 
viding potable water and have created widespread interest in the purification 
of saline waters. 

Westinghouse has been active in the field of sea-water distillation for many 
years, having installed a 720,000-gallon-per-day plant in Kuwait, Arabia, in 1950. 
This installation has been enlarged to 1 million gallons per day and continues 
to supply all the water requirements of the refinery and personnel of the Kuwait 
Oil Co. 

This installation attracted widespread attention and the ruler of Kuwait 
ordered a similar Westinghouse plant which was put in service in 1953. While 
these plants are satisfactory and are in full-time operation, it was apparent 
that design improvements were needed which would permit large unit capacities 
(the above installations consisted of multiple plants each of 120,000-gallon-per- 
day capacity) and reduce operating expenses. 

During 1958, Westinghouse placed four multistage flash evaporator plants in 
operation in Kuwait. ‘These units each produce 630,000 gallons per day of drink- 
ing water from high salt content Persian Gulf water. This installation has been 
in operation for several months and our experience indicates that we have success- 
fully minimized two of the most troublesome problems normally associated with 
sea-water distillation, scaling and corrosion. 
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Thus our experience confirms that of many other groups: multiple-stage flash 
evaporators are today the most practical means of producing large quantities of 
potable water from full-strength sea water. 


B. ECONOMICS 


If one grants that flash distillation is a practical method for desalting sea 
water, it remains to be shown that it is an economic scheme. Distillation plants 
are installed in areas where fuel costs are appreciable as well as in regions 
where waste natural gas is available at essentially no cost. An evaluation of 
the cost of water from the installation in Kuwait was made by J. R. Emmett’ 
of the consulting firm of Ewbank & Partners, London, as follows: 


TABLE I 


Combined | Dollars per 
Fuel cost with power thousand 
production gallons 





None No 
None Yes 
1 Yes No 
1 Yes Yes 


1 Based on oil at $2.40 per barrel. 


The above data show that the cost of water produced varies over a wide range 
depending on the assumptions for fuel costs and the possibilities of combining 
power production with distillation. It should be noted that the 4stage design 
is poorly suited for use with expensive fuel; the fuel cost shown would result 
in an 8- to 12-stage design. 

We have recently evaluated a 10 million gallon per day 8-stage plant using 
the procedure established by the Interior Department.? The plant studied was 
a well-defined extension of our Kuwait experience and is therefore based upon 
sound estimates. The total capital cost including site, boiler plant, and all 
services was approximately $18 million, and the total cost of water was $1.13 
per 1,000 gallons, This does not include the production of byproduct power, 
which, in past estimates, has resulted in a reduction of approximately 30 percent 
in water costs or a value $0.79 per 1,000 gallons, including byproduct power. 

It should be noted that this method includes a fuel cost of 25 cents per million 
British thermal units, while in table I the fuel cost was 47 cents per million 
British thermal units. 

Since these costs are well above the goals established by the Interior Depart- 
ment for practical, economical systems, one might inquire to what the future 
developments in the field may achieve. The design changes between our Kuwait 
installations in 1953 and those in 1957 resulted in a reduction in total plant costs 
of approximately 40 percent. Further substantial improvements can be achieved 
by increasing the temperature range of the evaporators and by utilizing lower 
cost materials. 


1 Emmett, J. R., Practical Methods for the Purification of Saline and Brackish Waters, 
presented in London, 1957. 

2 Office of Saline Water, U. 8S. Department of Interior, A Standardized Procedure for 
BDetimating Costs of Saline Water Conversion, March 1956. 
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SUMMARY AND RECOMMENDATIONS 


1. Our experience indicates that multistage flash evaporator plants are now 
economic in many areas and further developments should broaden their areas 
of application. 

2. We would propose that a multistage flash evaporator demonstration plant 
of moderate size (100,000 to 500,000 gallons per day) be constructed on the coast 
of the United States or in the Virgin Islands to evaluate costs and to further 
develop the art of flash evaporation under field conditions. A further ad- 
vantage of such a demonstration plant would be to acquaint potential users with 
the practical details of operating such a plant. 

Senator Casr. The next witness on our list is Dr. Bertrand A. 
Landry. 

Dr. Landry, we are pleased to have you here. ; 

You may present your statement as you wish; either read it or let 
it be inserted in the record and develop it informally. 


STATEMENT OF BERTRAND A. LANDRY, BATTELLE MEMORIAL 
INSTITUTE, COLUMBUS, OHIO 


Mr. Lanpry. Mr. Chairman, when I wrote the statement I had in 
mind the bill that is under discussion whereby it was planned to build 
a large-sized demonstration plant of presumably quite high capacity 
and high cost. 

My statement, therefore, expresses caution and I believe that these 
hearings so far have demonstrated that perhaps my thinking was right 
in that we certainly have a number of choices that have been presented 
to us and it would be very difficult at this time, I believe, for someone, 
anyone, to pick out one plant for this demonstration, one type of plant, 
without introducing a measure of arbitrariness in this decision. 

As these hearings progress, I have seen the sentiment developed that 
possibly what should be done is to build a number of what I would 
apa gh to call large size pilot plants, figures of a million gallon per 

ay have been stated, for example. 

If we place these plants, a number of them, in various parts of this 
country where water is needed, we would then obtain data far more 
reliable than any we have at the present time. 

So that from this large-scale experiment, I feel that eventually a 
full-size demonstration plant which might have 10 to 20 million gallons 
per day capacity, for example, could be built with full knowledge. 

Senator Case. The point you make is very interesting. It just hap- 
pens that preceding the opening of this subcommittee hearing this 
morning, a group of western Senators were meeting on another matter 
and Senator Anderson of New Mexico, and Senator Kuchel, of Cali- 
fornia, and I, were discussing this particular point. 

Without committing them or without stating this is a final judg- 
ment, or anything like that, we did mention that perhaps rather than 
build one plant which might, as you say, involve a certain arbitrariness 
in making a decision as to location and as to method, that it might be 
desirable to have 3 or possibly 4 plants, of possibly small size, but in 
any event, that would give us more information as to the method or 
methods, and the suitability for particular water combinations, than if 
we just selected 1 plant of what we call demonstration size. 

Mr. Lanpry. I think that would be very wise. 
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Senator Casg. I think your suggestion will be given careful con- 
sideration when the committee formulates a decision. 

Mr. Lanpry. At the present time, at Battelle, we are investigating 
two processes that have not been mentioned yet. One is the Hickman 
still, which is in the small pilot scale, and the other concept is solar 
stills, which we are just beginning to set up. 

Both of these processes will, I believe, have their share of applica- 
tions, but it is too early now to be able to give reliable figures as to 
cost. 

Senator Case. Yesterday, Dr. Landry, I mentioned having recently 
read in a newspaper article with reference to the small size of the Hick- 
man still. I believe I obtained permission at that time to place in the 
record, I have it with me here now, it is an article which appeared 
in some of the daily papers in the country on the 13th of March 1958, 
by Tim Smith, with an Associated Press line. 

In this article Dr. Hickman describes this household unit as no 
bigger than an automatic washing machine tailored for householders 
on coastal lands where supplies of pure water are slim or nonexistent. 

ai unit can also be used, the doctor says, to purify polluted waters 
inland. 

It is a version of a large commercial unit which Hickman designed 
for the United States Department of the Interior, which is being 
planned for test run at Wrightsville Beach in North Carolina. 

In the article the statement is made that it is highly automatic and 
still uses less electricity than a home laundry machine and can turn 
out 500 gallons of pure water a day. 

Manufactured in small quantities it would sell for $1,500, but in mass 
production its price could be trimmed to $300 a unit, the de ‘tor says. 

An electrical pump maintains the still’s supply of water. When the 
tank is full the lactic ump shuts off. 

Without Cthestaon, would like to place in the record copies of 
Me cae IT have had with Mr. B. F. Childers of Edgemont, 

. Dak. 
(The letters referred to follow :) 


EpcGemont, 8. Dak., May 4, 1957. 
Senator FRANCIS CASE, 
Washington, D.C. 


Deak SENATOR: In reply to your letter of February 27 in regard to the use of 
gypsum for the removal of insoluble salts. 

First let me say gypsum is not a fertilizer but is used in replacement of sodium 
in a soil that has too much sodium carbonate. Sodium compounds are mostly 
responsible for these slick spots or hard-pan spots. They occur in both clay or 
sandy soils and retard the entering of water into the soil. If the accumulation 
is concentrated enough sodium bicarbonate (black alkali) is formed. 

The thing that determines if any irrigation project is to be permanent or not 
is to keep these salt accumulations moving. The soil is either improving or 
deteriorating all the time and never standing still. 

The whole irrigation picture revolves around the solubilities of the minerals 
in the soil. Now if you had a good piece of land under irrigation and you used 
a water containing chlorides, say, sodium chloride, the sodium replaces the 
ealcium in the calcium carbonate (lime), forming sodium carbonate, which is 
soluble only 7 parts to 100 parts of water and is rated insoluble. The calcium 
unites with the chlorine forming calcium chloride which is very soluble and if 
not drained off is very toxic to plants. At any rate, you have lost your lime and 
you have a very tight soil that does not take water very fast. 

By the use of gypsum this process can be reversed. Gypsum is calcium sulfate. 
The sodium in the sodium carbonate will replace the calcium in the calcium sul- 
fate, forming sodium sulfate which is soluble and can be drained off. The 
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calcium in the calcium sulfate unites with the carbonate from the sodium car- 
bonate and forms calcium carbonate (lime). 

Now you have your lime back and can leach out the sodium sulfate. This 
will also bring the Ph down to near the neutral point. 

This whole process depends on good underground drainage, but it need not 
be too fast. By this I mean that the water should percolate down and drain 
off in a lower strata so it does not return to the surface soil by capillary action. 

As gypsum is rated insoluble, it dissolves about 600 parts per million parts 
of water, so it does not do much good to put it on the land unless you intend to 
flood it. It is better to add it to the incoming irrigation water, all that it will 
dissolve. This process is relatively slow and is speeded up by carbonic acid 
formed in the soil. 

As to results we have fields that were too alkaline to produce any edible 
grasses that are now producing up around 3 tons of alfalfa hay on the first 
cutting. 

If you could have time on one of your trips out here, I would be glad to show 
you just what we are doing and a little later in the summer, say, in June, you 
could see the results. If you should come, let me know ahead of time so I can be 
on hand or I could meet you somewhere. 

As to the Shade Hill project, I would have to know the composition of the 
irrigation water and the kind of salts in the soil and the drainage. 

This is the first I have ever written about this and the idea is not original 
with me. Dr. Helgard, who died in 1916, was the first to investigate alkali salts. 
The United States Regional Salinity Laboratory has done quite a bit of work 
on it. 

If I can be of further service, please feel free to call on me. 

Yours truly, 
B. F. CHILDERS. 


WASHINGTON, D. C., June 6, 1957. 
Mr. B. F. CHILDERS, 
Edgemont, 8S. Dak. 

Dear Bert: Thank you very much for your long and interesting letter describ- 
your operation and giving details on chemical changes involved in the use of 
gypsum. 

It does sound as if your soil and water problems are tied up with an excess 
of sodium and if it works in your area it may well be that it would be equally 
good in the Shadehill area. The problem there appears to be an excess of sodium 
ions in the water in the dam, which when used on the soils in that area, bring 
about the compacting effect. 

The information you have given me will be passed along to those working 
on the Shadehill problem and I’m sure it will prove interesting and of value. 

When I get into the Edgemont area I shall keep your kind invitation to view 
your operation in mind and if time and circumstances permit, I would very much 
like to look over farm. 

With best wishes to you and Mrs. Childers, I am, 

Sincerely yours, 
FRANCIS Case, 
Senator from South Dakota. 

Senator Case. Is that an accurate description of the Hickman 
still you have in mind? 

Mr. Lanory. I have not seen this particular unit. 

Senator Cask. What would you say about the practicability of the 
Hickman still for one of the methods that might be explored with 
the pilot plant. 

Mr. Lanory. The Hickman still is a component part really of the 
vapor complex cycle. In this cycle sea water is evaporated by the 
condensation of fresh water produced by the evaporation of sea water. 

It sounds like perpetual motion and it almost is except that there 
are inevitable heat losses to the surroundings and also to operate with 
practical areas for heat transfer the temperature of the condensing 
water has to be slightly higher than the temperature of the evaporating 
water from the sea water. 
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This means that a certain amount of compression work has to be 
done to raise the pressure and temperature of the condensing steam 
so that heat will transfer from it to the evaporating sea water. 

Under these conditions, if one refers to simple distillation, the 
efficiency is, of course, many, many times greater. 

Of course, I want to say right here that none of the processes we 
have discussed so far involve simple distillation. 

Multiple effects are always used of some kind or other. But this 
is a multieffect process of which there are a great many more multi- 
effects than there are used. 

Now, in order to minimize further the area for heat transfer, Dr. 
Hickman has conceived an apparatus which is a rotating device so 
that the water or the condensing steam transfers its heat through this 
rotating device. 

In so doing, the thickness of the film, the inevitable film of water 
which is on these surfaces because of the rotation, this film is reduced 
considerably in thickness, so that the heat transfer ‘rates are several 
times what you would expect in stationary equipment. 

It just makes it possible to decrease the amount of power required 
to compress the condensing steam, assuming that the amount of sur- 
face is the same as it would be in the ordinary type of still. 

Senator Case. The time I saw Dr. Hickman demonstrate his initial 
plant in Boston, the thing that impressed itself upon me when he was 
explaining the thin film of water, was that he compared it to the film 
of water that is exploded in steam when our mothers in years gone 
by used to touch their finger to the tongue and put it on sadirons to 
determine whether or not the iron was hot enough. 

He explained the water went into steam much more rapidly. He 
may have oversimplified it for us. 

Mr. Lanpry. It is true that the heat transfer rates that he has 
gotten in the laboratory are very much higher. 

Now, in passing to a larger size, it has not permitted the results 
to follow the extrapolated curves. Our research is to investigate to 
find out why. There is no reason why the apparatus of larger size 
should not behave as of smaller size. 

But one must understand better that the process is. 

Senator Case. Dr. Landry, have you completed your statement ? 

Mr. Lanpry. Unless you have some questions, Senator Case. 

Senator Casr. I was intending to ask you this question: Dr. 
Landry, we have been talking about the Hickman still, somewhat. 
Would you care to make some comment about your suggestion that 
you are investigating solar distillation; tell us a little bit about that 
and its possible utilization; how far you are along in your research 
on that? 

Mr. Lanpry. The research on that, Senator, has not started yet. 
The contract has just recently been signed. The Florida station 
where this is going to be done is just now being arranged for these 
tests. The big problem there is one of principle. Should a solar 
still be insulated from the ground, or should it be in good contact 
with Mother Earth ? 

There are arguments on both sides. So, we are going to instru- 
ment these stills very completely, both above and below ground, to 
decide once and for all, we hope, this question of principle. At the 
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same time, we will get data on the operation of these stills, and our 
contract calls for making all possible improvements in their efficiency 
and for lowering their cost. 

Senator Case. What stage would you say you are in as far as re- 
search is concerned ? 

Mr. Lanpry. Weare at the half of 1 percent stage, sir. Weare just 
starting. 

Senator Case. What are the theoretical economies or advantages 
which attract you to research in this field ? 

Mr. Lanpry. Well, solar energy is free. All the processes that have 
been discussed so far at this table involve an expenditure of energy 
in the form of mineral fuels or electricity and so on, which is made 
from mineral fuels. Now, the time will come when our fuels will be 
very precious, very expensive. By that time we will still need water 
and energy. 

The sun may be the sole remaining source of such energy. Although 
this source of energy is inexhaustible, at least it will last as long as hfe 
exists; yet the fact that it is not a steady, but a cycling, source and the 
fact that it is diffused, not highly concentrated in its natural occur- 
rence, means that the equipment to utilize this is rather expensive. So 
that we are not fighting fuel costs here, but we are fighting equipment 
costs. 

I believe, sir, that the time to prepare for these eventualities is when 
you are wealthy. I consider this country to be at this time a wealthy 
country, but, if we are to wait very long until we become poor like 
many countries are, we will no longer be able to afford to put up expen- 
sive equipment to utilize a free source of energy. 

That is true, sir, at the present time. There are countries which are 
desperately lacking water who cannot afford to purchase the fuel 
required to make this water and cannot afford to purchase even the 
equipment required to utilize solar energy. 

Senator Case. Is this contract to which you referred with the Office 
of Saline Water in the Department of the Interior ? 

Mr. Lanpry. Yes. 

Senator Casz. Thank you very much, Dr. Landry, for coming here. 
Your prepared statement will be printed in full. 

Mr. Lanpry. Thank you. 

Senator Cass. Without objection, following Dr. Landry’s formal 
statement I will place in the record the newspaper article concerning 
the Hickman process, to which I have referred several times. 

(The prepared statement of Mr. Landry and the article submitted 
by Senator Case are as follows :) 


PREPARED STATEMENT OF BERTRAND A, LANDRY, BATTELLE MEMORIAL INSTITUTE, 
CoLUMBUS, OHIO 


At the present time, Battelle Memorial Institute is investigating for the De- 
partment of the Interior, at the pilot-plant scale, a Badger-Hickman still for 
demineralizing sea water. Also, we have just started to prepare to erect pilot- 
plant units of solar stills in Florida. In both of these studies, the aim is to 
determine present performance and to devise means of improving this perform- 
ance, with the objective of minimizing total unit costs in producing fresh water 
from saline water. It is not possible at this time to predict when final reliable 
figures of costs will be available from these pilot-plant studies; certainly, a 
period longer than 6 months from the present date will be required. 


23642—58—_—10 
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I was interested in learning that consideration is being given to three possible 
sites for the establishment of a full-scale plant for saline-water conversion. 

It is my belief that, before a decision is made to use a saline-water-conversion 
process at any of these three sites, a thorough engineering-economic study 
should be made to determine the cost of marginal water at the site, together 
with reliable estimates of the cost of marginal electrical power, fuels, and labor. 
The study should also disclose the type of utilization envisaged for the addi- 
tional amount of water that is being planned and the market value of that 
water. 

When these facts and figures are available, it should be possible to select the 
most economical source of water and to select the size of plant whose output 
would have the indicated market value, if this market value is high enough. 

It may very well turn out for some locations that saline-water conversion will 
be indicated, but, at the present time, it would be impossible to include in the 
cost estimates, to reach such a decision, the two types of plants that we are 
investigating, since total unit-conversion costs are not yet available for them. 

I sympathize with the concern of the subcommittee to proceed as rapidly as 
possible with a full-scale demonstration of saline-water conversion in areas need- 
ing water. I believe that this step should be made as soon as possible, but I 
also believe that not enough information is available at the present time to make 
the wisest choice so far as saline-water-conversion processes are concerned. 
Furthermore, the choice of the initial site should be made with the greatest care 
and only after a thorough investigation has shown that marginal water costs 
are greater than, or at least equal to, saline-water-conversion costs, and that 
the use that is made of the water produced is economically justified. 









































HovuUsEHOLD SALT WATER PURIFIER DEVELOPED 


(By Tim Smith) 


Rocuester, N. Y.—The white-haired scientist waited for the ticking of the 
small, square machine to stop. Then, from a glass jar which was connected to 
the machine by tubing, he drew a glass of clear, odorless fluid and drank it. 

Dr. Kenneth C. D. Hickman smacked his lips, ‘“Not bad.” 

The fluid was plain water which a short time before had entered the machine 
as heavy brine. It has been purified in a vapor-compression still Dr. Hickman 
designed. 

No bigger than an automatic washing machine, the unit, as yet unnamed, is 
tailored for householders on coastal lands where supplies of pure water are 
slim or nonexistent. 

The unit can also be used, the doctor says, to purify polluted waters inland. 





HOUSEHOLD VERSION 


It is a “baby” version of a large, commercial unit, which Hickman designed 
for the United States Department of Interior. The Department is planning a 
test run for this in the near future at Wrightsville Beach, N. C. 

The little unit was built in a laboratory owned by Aqua Stills, Inc., a 
Rochester research company established to develop the process. Hickman is 
vice president of the company. 

Entirely automatic, the still uses less electricity than a home laundry ma- 
ehine and can turn out 500 gallons of pure water a day, Hickman says, about 
100 more than the daily requirements of the average family. 

Hickman says plans are under way to put the little still into production 
within a year. 

Manufactured in small quantities, it will sell for about $1,500 but in mass 
production its price could be trimmed to $300 a unit, the doctor says. 


















COMPLETELY AUTOMATIC 















An electrical pump maintains the still’s supply of water. Inside, the impure 
water is passed through heat exchangers, rapidly whirling cylinders, changed 
to steam, condensed back to water and finally run into a storage tank. 

When the tank is full, the electrical pump shuts off. When the purified 
water is used, the pump starts ticking again to replace the amount drawn off. 

Two engineers from the Interior Department’s Office of Saline Water recently 
inspected the machine and called it the most promising of several water-con- 
version processes now under departmental study. 
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Hickman expects the unit to find immediate use in nations around the Baltic 
Sea, in the Caribbean Islands and along the United States Pacifie coast, all 
areas in acute need of good water supplies. 

_Senator Case. The next witness is Mr. A. J. Larrecq, of Power 
Generators, Trenton, N. J., with his associates. 

Mr. Lineweaver. Mr. Brater and Mr. Ruby, of General Motors, and 
Mr. Bernhardt, of Allis Chalmers. 

Senator Casr. Please give your names. 


STATEMENTS OF A. J. LARRECQ, PRESIDENT, POWER GENERATORS, 
INC., TRENTON, N. J.; ERIC R. BRATER, ASSISTANT CHIEF ENGI- 
NEER, CLEVELAND DIESEL ENGINE DIVISION, GENERAL MOTORS 
CORP., CLEVELAND, OHIO; AND PAUL POLLOCK, ALLIS-CHALMERS 
CORP., MIWAUKEE, WIS. 


Mr. Larrecg. My name is Larrecq, A. J. Larrecq, president of 
Power Generators, Trenton, N. J. 

To my right is Mr. Eric Brater, assistant chief engineer, Cleveland 
Diesel Division, General Motors Corp. 

To my far right, Mr. Paul Pollock, of the Allis-Chalmers Corp. in 
Wilwaukee, Wis. 

[ have drafted a statement, Mr. Chairman, if you will permit me to 
refer to it. 

We have a few props. I do not have the statement typed, so if you 
will permit me I would like to read from it, sir. 

Senator Case. You may proceed as you wish. 

Mr. Larrece. Mr. Chairman, naturally, I want to express appre- 
ciation for this opportunity of attending this hearing. I think it is 
well known that the General Motors Corp. has been in the compres- 
sion-distillation business for many years, having supplied most of 
the vapor-steam compressors used on compression-distillation stills 
purchased by the Armed Forces during World War II, I believe some 
16,000 in number. 

The Allis-Chalmers Co. has been building steam condensers since 
1860, and are in the business of moving water in large quantities and 
transferring heat in large quantities as being special machinery build- 
ers such as may be required in large-scale saline distillation. 

Before commenting on the bills, I would like to take note of some 
of the testimony that has been presented here up to this time. 

I have in my hand, Mr. Chairman, a standardized procedure for 
estimating cost of saline-water conversion. 

Senator Case. By whom was that prepared ? 

Mr. Larreca. That was prepared by the Office of Saline Water. 

On page 4 of this adjusted procedure is a suggested cost of fuel of 
25 cents per million B. t. u. 

I wish to introduce a note of caution because I believe that the costs 
of water that have been talked about may very well be based upon 
this assumption which is grossly unrealistic. 

This would correspond to a cost of Bunker C oil of approximately 
$1.25 a barrel. I have a letter here from Mayor Doyle, of the city of 
San Diego, in which he calls attention to the fact that pipeline deliv- 
ery of bunker C fuel oil is $2.91 a barrel. 

It is indicated that under distress conditions, with a new bunkerage 
capacity being installed in San Diego, that the lowest fuel cost that 
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can be anticipated in the immediate future is a proximately $2.50 a 
barrel ; that is, twice that which is assumed in the omen based upon 
this suggested procedure for the calculation of cost. 

Senator Case. Of course, Mr. Larrecq, I do not know whether the 
representatives of various companies that have been testifying as to 
cost figures for their particular plant or method utilized the figure 
suggested in that publication by the Office of Saline Water. 

t may be that some of the estimates of possible processes have, if 
produced by OSW, but I do not believe that applies to the statements 
of people who have been speaking of a particular plant which they were 
talking about. 

Mr. Larrecg. Mr. Chairman, I was curious about that point and I 
inquired of the 2 witnesses that were here yesterday that mentioned 
88 cents water. 

Unless I did not hear them correctly, I understand that that figure 
is based upon this cost of water. 

Senator Casx. I think there are some of the witnesses in the room 
who previously testified and I hope they will take note of what Mr. 
Larrecq is saying and supplement whatever you may have said with 
an appropriate comment so that the committee will not be misled in 
any respect as to the validity of the fuel figure that was used in the 
cost estimate suggested. 

Mr. Larreca. I would further suggest, if I may, Mr. Chairman, 
that the same question be es to Dr. Badger, who I believe indicated 
a cost of product of something of the order of 40 cents. It is rather 
important, Mr. Chairman, I believe you would agree, that in comparing 
the cost of potable water that might be generated by desalinization 
with the cost of Feather River water, that we should have the same 
terms of reference. 

Would it be proper for me to also introduce this note of caution, that 
the history of fuel prices is an upward trend. I believe reference to 
the latest issue of Motorship will indicate that world prices are quite 
substantially in excess of that which we are discussing here even under 
the most optimistic conditions and with the increasing fractionization 
of crude ofl, the cost of even bunker C fuel oil will increase. 

If we talk of multieffect evaporator systems wherein the cost of fuel 
is a large factor, we must prognosticate an increasing cost of product if 
we are to take note of the history of fuel costs in the past, I therefore 
feel it pertinent, Mr. Chairman, to call attention to this possible, I 
do not wish to use the word “illusion,” but I cannot think of a better 
term regarding what one can realistically produce water for. 

I have just returned from a session with the principal parties in the 
Water Resources Department of the State of California and I wish 
to echo a sentiment that they expressed to me, that is that they are 
grossly confused by the great variety of statements which upon closer 
inspection turn out to be a bit different than on first impression. 

dente Case. The acting chairman is going to suggest that the 
members of the committee staff take note of what Mr. Larrecq has 
said and make contact with the people who have testified and get some 
identification of the factors used in this cost item so that information 
will be specifically available for the committee in its executive con- 

siderations. 

Mr. Larrecae. Might I also, as a result of testimony presented to 
this meeting and in echoing your own point, it is estimated that 
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Feather River water will be available at 10 cents a thousand gallons 
at an elevation of 3,000 feet. 

If one takes account of the cost of pumping potable water from 
sea level to the likely sources of use, one is rather astonished at what 
it oat to pump water. It might be in excess of 10 cents a thousand 

allons. 
Senator Casr. Why do you direct this particularly to California 
and Feather River water ? 

Mr. Larrecg. Because I happen to have authoritative information 
in this area. It would not necessarily apply elsewhere. 

It is, I think, pertinent to take account of the fact that when one 
compares the cost of water from one source, that the terms of refer- 
ence should be comparable. 

Might I focus attention on the situation existent in California as 
I have been able to ascertain within the last few weeks? 

The city of San Diego is borrowing from the city of Los Angeles 
25 million gallons per day. This would imply that the city of Los 
Angeles, despite the fact that it is growing at the rate of one Salt 
Lake City every year, presently is not the sore spot, that is, San Diego 
is living on borrowed time. 

This, you might say, demand note of 25 million gallons per day 
can be, ee say, called on the city of San Diego at any time, 
considering the rapidly increasing population in the county of Los 
Angeles, 

herefore, it is a very pertinent and live subject in this city of 
San Diego, so much so that the mayor has appointed a very fine ad- 
visory committee of eminent scientists to judge the various systems. 

They have concluded that the price of potable water in excess of 45 
cents per thousand gallons would be an upper limit, considering the 
fact that the small user today is paying something of the order of 
20 cents a thousand gallon. 

Senator Casz. You mean that that is what it averages out? 

Mr. Larreca. I have seen bills that are sent to individuals, small- 
house holders and that is what they are now paying. 

Now, an increase of 15 cents a thousand gallons is being made effec- 
tive in April. <A curious thing, Mr, Chairman, I was informed that 
the history of water consumption in California by municipalities 
shows no marked decrease in consumption with increasing cost, but, 
nevertheless, as of now, the responsible people in the city of San Diego 
are looking for 45 cents per thousand gallons of water. 

Senator Case. If you found that the average water bill averages 
out at the present time to a cost of 20 cents per thousand gallons and 
they are contemplating an increase of 15 cents, that would indicate 
there must be some demand for water if there is to be. an inerease 
of that large a proportion to the present base price. 

Mr. Larreca. Mr. Chairman, I do not think there is any question 
but what there is an increase in demand of each of the Galitornix 
cities, but hanging over the head of the city of San Diego is the sword 
of Damocles with 45 million gallons per = written into it. and they 
have to get ready to produce water by some means, 

I think perhaps that is a point where one might focus their attention 
with respect to a particular, shall we say, set of cost conditions, fuel 
costs, labor costs, comparative water costs. 
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Senator Casz. Are you suggesting that the Feather River water at 

an elevation of 3,000 feet is the answer to the San Diego water problem ? 

Mr. Larreca. I think it would be nearer the mark, Mr. Chairman, 

to indicate the improbability of every matching Feather River water 

by a desalinization plant at any time if one puts in the pumping costs. 

Senator Casp. Of course, we are concerned with communities which 

= ~ have Feather River water available. What is your suggestion 
there 

Mr. Larreca. My suggestion is that plants such as I will describe 
today, permitting incremental increases in production up to the 
amount necessary, should be immediately constructed, not only for San 
Diego, but other communities, like Malibu, Avalon, to mention a few, 
wherein a similar situation exists, but as of the moment one might 
put on the label “Interim” so far as the city of San Diego is concerned. 

So far as Malibu is concerned, and Avalon, it may very well be a 
permanent solution because the cost of diverting the Feather River 
water over the Santo Monica Mountains may, and I have seen some 
preliminary estimates, may very well add up to the cost of water as we 
think, sir, we might be able to produce it. 

Senator Case. From what? 

Mr. Larreca. From sea water. 

Senator Case. Let us have your direct testimony, then, on the method 
that you suggest for the possible desalinization of sea water. 

Mr. Lineweaver. Mr. Chairman, I think the record should show 
that there are some problems with respect to the Feather River devel- 
opment that have not been solved in California which may be sur- 
mountable or may be insurmountable. 

Mr. Larrecg. You are possibly referring to the county of origin. 

Mr. Lineweaver. To the county of origin controversy and financing. 

Mr. Larrecga. I think it is proper that that should be taken note of, 
but, nevertheless, the possibility of getting cheap water in great abund- 
ance is existent by this means. 

Well, sir, I shall forget my notes and tell you about some researches 
that we have lately undertaken and some work that we are presently 
undertaking in cooperation with General Motors and Allis-Chalmers, 
which is summarized in our report 1522. 

If I may make reference to the charts I have brought along, I believe 
I can indicate to you, Mr. Chairman, and to the knowledgeable people 
that are present, some of the salient points. 

Senator Case. I trust you will. It is now 12:20 and I have a com- 
mitment at 12:30. I do not want to cut you off and would ask you to 
keep in mind this hearing is primarily a hearing on the problem of 
methods for desalinization of water, either sea water or brackish water, 

and the Feather River water problem, while it may be the concern of 
the Committee on Interior and Insular Affairs, is not exactly the 
problem of this subcommittee, or this hearing. 

Mr. Larrece. Would you permit me to make this point, however, 
that the target that one might have to shoot at might very well be of 
the order of 45 cents a thousand gallons in order to be of interest. 

Senator Cass. If you can suggest how you expect to do that with 
a method of treating sea water, I am very sure it will be of value to 

the committee. 
Mr. Larreca. Fine. 
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The witness who preceded me pointed out the immense importance 
of obtaining high heat transfer coefficients, also operating with low- 
temperature difference in order to reduce the power. 

I have here a large photograph of a heat transfer surface which is 
not unlike what has been noted before in many commercial installa- 
tions, except instead of the salt water being outside the tubes, it is 
inside the tubes and runs down inside these rm Bg 

Our basic heat transfer coefficient with fresh water exceeded 1,500 
B. t. u. per square foot per degree Fahrenheit per hour with a tem- 
perature difference of 3° F. 

This is a problem that brought forth the temperature difference 
that characterizes the so-called natural circulation evaporator con- 
denser such as we have already built and tested for the Navy. 

The power that is required to cause this particular research circula- 
tion is approximately 15 percent more than characterizes, you might 
say, a conventional natural circulation type of evaporator condenser, 
therefore the natural power is reduced by one-third. 

Accordingly, the plant, sir, that you see here at my left, will require 
one-third the power of any three-stage suggested plant except that 
sug ted by Dr. Hickman. 

lieve that we will presently be able to demonstrate heat transfer 
coefficients very nearly approaching those of Dr. Hickman because 
this particular test section is 5 feet long, whereas the section employed 
in this unit here will be 15 feet long. 

Now, Professor Howe, of the University of California, will give us 
official validation of these numbers. The calculated energy consump- 
tion for this plant, including all the pumping losses, sir, is 33 kilo- 
watts per thousand gallons. 

At $2.50 a barrel, and using the new General Motors prime mover, 
such as is used on the steamship Patterson, this comes to a fuel cost of 
16.5 per thousand gallons of product undiluted. 

I believe, sir, that this is a hard number to beat and it opens up the 
possibility of 45 cents water in a manner I shall describe subsequently. 

Senator Casr. Do you think that the Office of Saline Water figure 
of 25 cents was too high ? 

Mr. Eas Twenty-five cents for the fuel cost of a million 
B. t. u.! 

Senator Cas. What is 16.5, how many B. t. u. is that? 

Mr. Larrecg. That is 1,000 gallons. 

So the irreducible cost of product is 16.5 per 1,000 gallons, using 
sea water. 

If we used brackish water, because we are only using a temperature 
difference of 3° F. plus 1° rise for salinity and you get an increase in 
production of approximately 20 percent, which is being the commen- 
surate reduction in fuel cost, using brackish water. 

May I describe that plant a little bit? 

We are moving toward taking fixed price turnkey tracts with this 
equipment in the near future. Our basic thesis is to use equipments 
already employed in central stations or in the marine world. 

Mr. Brater will describe the General Motors free piston gasifier 
turbine combination such as was purchased by the Maritime Commis- 
sion for the steamship Patterson and which has been employed in 
various parts of the world for 20 years. 
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It is a reliable robust piece of equipment of known characteristics 
and it is of extremely high efficiency. It is not sufficient, Mr. Chair- 
man, to stretch our imagination on the remainder of the plant if we 
lose out on the efficiency of converting fuel oil into mechanical power. 

Here you see an Allis-Chalmers, or it could be a Carrier Corp. 
actual floor compressor of which approximately 10,000 have been 
built for the Atomic Energy Commission. 

The machinery which you see here is a going institution on which 
we can get turnkey fixed-price contracts. We know what they are 
going to do over a period of 20, 30, 40 years. 

It therefore becomes a question of what do we do over here. 

Might I turn your attention to that? 

Senator Case. I notice on your chart there you have the 214-million- 
per-day plant. These units you just referred to, are they available in 
size that would be suitable for a million-gallon-a-day plant? 

Mr. Larreca. I don’t believe so because we can produce this plant 
for about the same cost as the million-gallon-per-day plant. We are 
now negotiating with parties in Israel for the utilization of this plant. 

The whole conception here is to standardize, reduce cost, have a 
basic building block that can be used in any part of the world. 

Now, the building blocks that I am going to show you are two 
kinds. This is a. Waltz engineering feed water heater such as are 

rocurable off the shelf, as Dr. Badger says. It is a commercial 
item. Its function is to raise sea water from the temperature of 40° 
to 60° to a temperature of 180° F. 

There is nothing unusual about that. The only thing we need to 
focus our mind on its this evaporator condenser. 

IT am going to call this a water refinery actually because what I 
am going to show you here is very much like you will find in most 
refineries in the world today. 

I have here a reduced size evaporator condenser. It is approxi- 
mately 1114 feet in diameter and it is about 85 feet high, about the 
size of a cement kiln such as the Allis-Chalmers people have been 
shipping all over the world. 

Inside this container, as in a refinery, there is a stackup, four indi- 
cated here, of heat transfer surfaces such as you see there. 

That is one-third size in the flesh. 

Imagine that 15 feet high and you have 4 stacked up one on the 
other. There is nothing unusual about this type of heat-transfer- 
surface because many evaporators all over the world are exactly the 
same in outside appearance. 

The only thing we have done is to turn it inside out and in doing 
that we may very well have made a technical breakthrongh that will 
put a new advantage point on this subject matter of desalinization. 

Micht. T say again that this is the same material that is used in 
the Allis-Chalmers condenser. The same applies for these tube 
sheets. 

We have calculated our cost on those expensive materials that you 
ean lay: vour hands on, Cooner nickel; this is the best material for 
steam condensers used in various parts of the Unifed States of which 
there is an average life history of 22 years. 

Our economic analysis based on the suggested procedure by the 
Office of Saline Water conversion, except. sir, that we have put in the 

actual cost of fuel oil, not the anticipated cost of fuel oil. 
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On the basis of a so-called projected cost of fuel oil our price is 
approximately 45 cents a thousand gallons. 

Now, this figure was arrived at, sir, by getting fixed prices, cost 
estimates from the most reputable firms in the United States. They 
were bound by their costs. 

So these costs were not arrived at, you might say, by picking num- 
bers out of the air. 

Now, might I call attention to one other thing. I have here a 
schematic diagram. I am not going to burden you with the niceties 
except to say that we are sort of kinfolk with Dr. Badger. There is 
a difference like the difference between the two Badger families you 
probably met in the 17th century, but there is a slight difference. 

Dr. Badger says “I will face up to the problem of salt deposition 
by acid scaling, by using acid control.” Mother Nature said you can 
sidestep that issue if you will evaporate between 125° and 150° F. 

You can substantially sidestep and this can be proved by Office of 
Saline Water reports. 

Our objective, therefore, is to evaporate at low temperature such 
that the incidence of scale is at a minimum. To do this economically 
with an eight-stage cascade evaporator requires operation at 3° 
temperature difference which requires a revolutionary new kind of heat 
transfer surface. 

Maybe we have one, maybe somebody else has another, but you ean’t 
escape 3° F. 

Dr. Hickman will show you one way to do it, we will pick another. 

We have 1 steam compressor bridging all 8 of these evaporators- 
condensers. It means that instead of writing compression distilla- 
tion with a large C and making it all machinery—you see, the ma- 
chinery set is rather small compared to the heat transfer set. 

Now, we have Cooper Nickel. You will see that one-half of the 
cost of this plant is in these units. If we were successful in using 
aluminum we would reduce the cost from $1.50 per gallons per day to 
$1 gallons per day. 

We are going to put the Aluminum Company of America to work 
on that right away. 

The Allis-Chalmers have built two condensers using aluminum. 
But there are other possibilities. I have said that we have based our 
economic analysis on a heat transfer coefficient of 1,000. 

We have measured heat transfer coefficients up to 1,700. We are not 
going to be satisfied until we get to 2,500. 

At some point, 6 months from now, after we have installed units 
on the California coast and tested them under actual installation con- 
ditions, under actual salt conditions, and we expect to have one in 
operation soon, we will know possibly what is the history of heat 
transfer coefficient over a 60-day period. 

It may be that at that time we will have courage to cut the heights 
of these things down, instead of having 4 stack sections we will have 
3.and possibly 2. 

Let me show you what a 20-million-gallon-per-day plant might look 
like. It is built up of the same fundamental building blocks. I do 
not know that it is too clear. 

Senator Casr. If ‘you reduce that from the 4 stacks to 8 will you 
oe the quantity of water that will pass through in a given period 
of time $ 















148 SALINE WATER CONVERSION 





Mr. Larrecg. The eye of the needle, sir, is right here. We cannot 
pass any more water than this will pass. 

Senator Case. That is the compressor ? 

Mr. Larrecg. That is right. You might ask why should you not 
go to a larger compressor, our theory is to have blocks small enough, 
easily transportable, that can be used in small communities. 

You mention South Dakota. I can mention Ardmore, Pa. I will 
say this, we need water in Ardmore, Pa., more than they need it in 
Los Angeles. We are paying 75 cents a thousand gallons and there 
area lot of times when [ can’t flush the toilet. That is an unsanitary 
condition. 

If we can use these units to take dirty Delaware River water and 
the pure condensate, distillate, and irrigate it, we would be very 
happy indeed. 

The use of these plants is universal. There are 300 of these units 
being built in various parts of the world. 

This is a revolutionary new conception. They can be used on loco- 
motives, ships, saline water conversion, standby, and emergency serv- 
ice generating plants. 

Our idea is the General Motors thesis, standardization, get the cost 
CHER; easily transportable units, used in multiples in any part of the 
world. 

Here is the buildup, 20 million gallon per day, the same spare parts, 
same operations. You can have the automation of operation. 

I think if Mr. Brater can be given 10 minutes to tell you how it is 
possible to convert the dirtiest, cheapest fuel oil in any part of the 
world into the kind of mechanical motion that will turn this big pin- 
wheel, you will have an appreciation of the fact that we have come a 
long ways toward doing the kind of job which is done in the central 
station where you have it unitized. 

Will you give Mr. Brater 10 minutes. 

Senator Esse, Are you going to explain a little more, yourself, 
about the means used to turn the process inside out ? 

Mr. Larreca, I will be very pleased to. 

Senator Case. Will you proceed. 

Mr. Larrecg. Whatever I have to say here is the product of many 
minds. I want to give testimony to the effect that Dr. Hickman de- 
serves an awful lot of credit for opening our eyes to the possibility of 
operating at 3° F. 

In this respect the Office of Saline Water deserves a lot of credit. 
We have asked ourselves how can we do the same thing in another way. 

No doubt, as a result of this discussion other people will ask the 
same question. I am sure there are more ways than one to do it. 

I think the folks here, knowledgeable, in the art, will recognize the 
following: Those that have studied Dr. Hickman’s report probably 
ask themselves why the high heat transfer coefficient. 

Dr. Hickman’s suggestion is that there are vortexes created in the 
thin film that transport heat from the hot surfaces to the evaporating 
film. I think this is right. 

When I was a young engineer with General Electric Co., I experi- 
mented in exactly this. It is the invention of a French abbe who built 
a Berne refrigeration unit. We will havea head of water 3 or 4 feet 
a second. 
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As the water proceeds downward under the acceleration of gravity, 
the velocity increasing, the tubes sort of tend to be characterized by a 
rain type of flow. Ih however, there is a continuous rotation of the 
flow there is created a vortex such that the fluid is at all times held 
against the surface. 

By having a recirculation of the water in the ratio of 10 pounds of 
recirculated feed for every pound of feed that is evaporated it is 
therefore possible to get heat transfer coefficient such as has been re- 
ported to the Office of Saline Water Conversion by Yale University. 

As a matter of fact, we are exceeding the Yale University results by 
es 50 percent. 

believe if we go to the longer tubes we will come very near Hick- 
man’s result. So inside this tube there is a vortex within which steam 
is accumulated and this vortex flow issues from the bottom of these 
tubes and hits a pan of water so-called and it is rather surprising how 
effective that is in evaporating steam from the water. 

We have successive stages. Why? To avoid the high terminal 
velocity that otherwise might be induced by the acceleration of grav- 
ity we in effect start live over again every 15 feet. 

We have, therefore, limiting velocities and the possibilities of the 
tube drying out and the deposition of salt resulting therefrom is thereby 
completely eliminated. 

But seeing is believing. Come to Trenton, we will show you this in 
operation. 

There is a thermometer at the top. It reads exactly the same tem- 
perature of feed as the thermometer at the bottom indicating iso- 
thermal evaporation. 

Without isothermal evaporation that is the same temperature evap- 
oration top and bottom, and I want to illustrate that this way and I 
think this can be very clear: 

Let us say this is the tube. On this side I have a temperature of 
condensation, let us say it is 150° F. This tube is 15 feet long. The 
tube may be equally effective; it is desirable that the temperature in 
this tube be full length of tube. It happens to be a 30-foot tube, will 
be 154, 1° representing the elevation of the boiling point. 

If we don’t have 34,000 milligrams per liter, this figure then be- 
comes not 154 but 153. 

Therefore, the compressor up here in the case of brackish water only 
has to produce a thermal potential analogus to an electrical potential 
of 3° F. to generate the full gallonage per day. 

With sea water this becomes 4° F., 25 percent more power or con- 
versely for the same power we can get 25 percent more production if we 
have, let us say, pure water. To the extent you can contaminate pure 
water by salinity to get brackish waters our production decreases. 
Again inside this continuously spiraling tube there is introduced in 
the tube a vortex and there is a torridal motion of the liquid similar to 
that which might be served in the Hickman still. 

Now, I have cautioned everybody that listens to me to be from Mis- 
souri. The final court of appeal is Mother Nature. You have to test 
it. You have to build it. You have to demonstrate it, but could I 
say this: If you don’t get the energy consumption down you will never 
know what the cost of the water is because energy costs keep going up. 
They are very uncertain. 
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The one thing that you can do is to go to a banker and find out how 
much he wants for his money. If the cost of the initial plant is a large 
factor you will know the cost of the plant 20 years from now. 

f you are going to invest a lot of money to save fuel don’t be 
content with equipment that will only last 20 years. Just use central 
station types of equipment, that have a life history of 40 or 50 years. 

Let us ask ourselves at the end of 20 years what do we have to do 
to make a secondhand plant like a secondhand automobile good for 
20 or 30 years. 

We will automatically retool the heat compressors. We will open 
up the compressor. We will open up the turbine. We will look at the 
gasifiers. 

I have asked Allis-Chalmers and General Motors what does it take 
to rehabilitate this plant. It looks like one-third of the initial cost 
of this plant will take care of rehabilitation for 20 years. 

However, you will read in between the lines that they have about 
a 5-year margin. It is not improbable that these plants can last 50 
years. 

Now, the most vulnerable part lifewise 

Senator Casr. Fifty years by one rehabilitation ? 

Mr. Larreca. By rehabilitation, sir, I mean exactly what is done 
in a central station, they may retool the condenser, parts of the boiler, 
they may rebraid the turbine. 

They certainly will look at the cooling water pump and look at the 
impellers. But in this plant, sir, the thing that you will want to 
focus your mind on is how long are these internal-combustion gasi- 
fiers that burn fuel oil in the most direct possible manner, how long 
are they going to last ? 

That is a question that General Motors has been asking itself for 
a long time. I think if you will hear Mr. Brater you will see that 
we have here the possibility in small unitized plants of giving the 
eo efficiency of energy conversion as you get in a 100-kilowatt steam 
plant. 

This is a remarkably efficient means of converting the cheapest, 
dirtiest fuel oil into power that is on the American scene today. It is 
as efficient as you can generate power except in a 250,000-kilowatt 
steam plant. 

This opens up the possibility of the city of San Diego starting out 
with one of these plants, adding another, adding another. 

Senator Case. What about Ardmore, Pa? 

Mr, Larrecg. They can do very well, sir. So would Newtown and 
Langhorne. We are all under the tyranny of 75-cent water and the 
process peak in a dry summer of not being able to take a bath in the 

evening and not even being able to flush the toilet. 

Senator Casr, How far have you gone toward putting one of these 
plants into operation ? 

Mr. Larreca. We have been actively negotiating in Israel and we 
think the first plant will go up there, I am told subject to the ap- 
proval of the Israel Government for dollars that will be required 
for engineering that they have selected this plant as being the answer 
over all other possibilities. 

Senator Casr. Have you built a pilot plant of this character? 
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Mr. Larxecg. Not of this character, but if you will look at the first 
page you will see the plant we have built for the Navy. It has been 
tested by the Navy. The thermodynamics of that plant are actually 
simpler than the thermodynamics of this plant we have discussed 
today. The telltale of engineering performance is sometimes, you 
might say, reduced to numbers. We took a fixed-price contract to de- 
velop that unit and the contract said that we should develop an aver- 
age of 2,000 gallons per day over a 10-day period without exceeding 
the overload capacity of the motor. 

The overload capacity of the motor is 22 amperes. We did the job 
with 21.8. We are usually not that smart. That was pure luck. 

But if we can figure that we can figure this. 

Senator Casz. The committee will recess until 1:45 and between 
1:45 and 2 o’clock we will proceed with Mr. Brater and Mr. Pollack 
and Secretary Aandahl at 2 o’clock. 

(Thereupon, at 12:50 p. m., the subcommittee was recessed, to 
reconvene at 1:45 p. m., same day). 


AFTERNOON SESSION 


Senator ANpeRsOoN. The next witness is Mr. Eric R. Brater, assist- 


ant chief engineer of the Cleveland Diesel Engine division, General 
Motors Corp. 


STATEMENT OF ERIC R. BRATER, ASSISTANT CHIEF ENGINEER, 
CLEVELAND DIESEL ENGINE DIVISION, GENERAL MOTORS 
CORP. 


Mr. Brarer. My name is Eric R. Brater, assistant chief engineer 
of the Cleveland Diesel Engine division of the General Motors Corp. 

After careful analysis and study Mr. Larrecq of Power Genera- 
tors, Inc., came to the conclusion that the free piston gasifier turbine 
would be the most desirable source of power for the sea-water conver- 
sion plant which he described this morning. I would like to briefly 
outline the background and advantages of the General Motors develop- 
ment of the free piston gasifier turbine. 

This engine is not new. It was developed and has been manufac- 
tured by the French during the last 30 years. There are about 131,000 
horsepower units in operation in Europe at the present, and 300 units 
are under construction or are on order. Included in these is a 32,000 
horsepower electric powerplant for Caledonia which is now being 
installed by the French. 

This powerplant consists of 32 of these 1,000 horsepower gasifiers. 
Also an English firm is now installing a 48,000 horsepower electric 
powerplant in Singapore with 48 of these gasifiers. About 4 years 
ago the General Motors Corp., realizing the possibilities of this power- 
plant, acquired a license from the French to manufacture this engine 
in the United States. 

The following steps were taken : 

An extra unit was installed at the General Motors Research Lab- 
oratories, which has now accumulated about 10,000 hours operating on 
low-grade bunker C fuel. 

Secondly, the Cleveland Diesel Engine division of General Motors 
~was selected and was awarded a contract by the Maritime Adminis- 
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tration to install a 6,000-shaft-horsepower plant on the converted 
9,000-ton Liberty ship, William Patterson. 

This powerplant consists of 6 gasifiers and 2 turbines. The W2l- 
liam Patterson has just completed the second Atlantic crossing suc- 
cessfully. And we are very pleased with the performance of the 

asifiers. These gasifiers are burning cheaper low-grade bunker C 
el. 

Furthermore, the Electric Motor division of General Motors de- 
veloped a siamese or dual version of this gasifier of 2,000 horsepower, 
which has been developed for locomotive application or other pur- 

par Up to the present time about 40,000 hours of operation have 
n accumulated on gasifiers in the various divisions in General 
Motors. 

The advantages of the gasifier are as follows: 

Any type of liquid fuel can be burned, including cheap low-grade 
bunker C. Also most types of crude oil that is pumped out of the 
ground can be used directly. 

Secondly, the gasifier construction is very simple. There is no 
crankshaft, no main bearing, connecting oh, connecting-rod bear- 
ings, or valve operating mechanism. 

This assures continuous around-the-clock operation, which is abso- 
lutely essential for sea-water conversion plants and demineralizers. 
Maintenance and service problems and costs are low. 

Thirdly, there is no vibration, and, therefore, an elaborate foun- 
dation is not necessary. 

Fourth, the multiple arrangement of gasifiers for sea water con- 
version plant assures great power flexibility. As pointed out by 
Mr. Larrecq this morning, there are 8 gasifiers in 1 section feeding gas 
to 1 gas turbine. One of these can be used as a spare and can be cut 
in instantly, or the 8 gasifiers can be operated simultaneously at 
reduced load. 

Also the gas turbine plant lends itself to successive continuous ad- 
ditions to an originally small basic plant. A basic plant of, say, 214 
million gallons per day capacity is just as economic and efficient as 
a plant 10 times that size. 

The exhaust-gas temperature entering the turbine is at about 830°, 
which makes it possible to use conventional materials in the turbine, 
which reduces cost and maintenance. I have 3 or 4 slides which I 
would like to show, which indicate what this gasifier looks like. 

This is a diagrammatic sketch of this gasifier. It is a highly super- 
charged two-cylinder diesel engine. As mentioned, there are no 
crankshafts, and connecting rods, and so forth. 

These are two opposed power pistons, which are attached to com- 
pressor pistons. 

As these pistons move outward, air is admitted through this valve 
into this compression chamber. In these bounce cylinders, there is a 
fixed quantity of air, which is compressed with an outward stroke and 
acts like a spring returning these pistons to the firing stroke. 

During the inward stroke, the air which was compressed in this 
chamber is forced through these valves in the airbox, and during the 
outward stroke, air is admitted through air intake inlets and is simul- 
taneously discharged through the exhaust at 830°. The compression 
ratio is about 380 to 1. And the instantaneous compression tempera- 
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ture is about 3,300°, which makes it possible to burn low-grade fuels. 

The next slide, please. 

This is a general view of this gasifier which makes nearly 20,000 
pounds. Here are the air inlets. Here is the exhaust receiver. The 
unit is about 1414 feet long. 

These are the bounce chamber covers. 

Next slide, please. 

This slide shows three of the gasifiers which were developed for the 
installation on the William Patterson undergoing tests at our plant 
in Cleveland. These 3 gasifiers operate 1 turbine. 

The last slide here is a diagram showing the William Patterson 
installation. These are 6 gasifiers, and 2 turbines. These 2 drive 
1 propeller shaft. 

hat concludes my statement. 

(The slides and charts referred to by Mr. Larrecq and Mr. Brater 
are on file with the committee for reference purposes. ) 

Senator ANperson. Thank you very much, Mr. Brater. 

Who is the next witness ? 

Mr. Lineweaver. Mr. Pollock. 

Mr. Larrece. Mr. Chairman, I would just like to make one con- 
cluding remark. It will just take 1 minute. 

And that is that I may wish to present a further statement for 
publication in the record. 

Senator ANDERSON. We will be happy to receive any further views 
of your group and will publish them in the record at this point. 

(Mr. Larrecq subsequenily submitted the following letter and two 
enclosures. The enclosure entitled “Report 1522—A” is on file with 
the committee for reference. ) 

POWER GENERATORS, INC., 
Trenton, N. J., March 27, 1958. 
From : Power Generators, Inc., 600 Stokes Avenue, Trenton, N. J. 
To: Hon. Clinton Anderson, Senate Office Building, Washington, D. C 
Subject: Generation of Potable Water for Municipal and Industrial Use. 


DEAR SENATOR ANDERSON: We are pleased herewith a submit amplification 
of remarks made before your committee on March 21, 1958. Additionally, we 
are submitting PGI Report 1522 incorporating revisions in the light of informa- 
tion presented at the hearing. We shall be pleased to submit additional par- 
ticulars if desired. 

Respectfully, 
A. J. LArRECcQ, President. 


SUPPLEMENTAL STATEMENT OF A. J. LARRECQ, PRESIDENT OF POWER 
GENERATORS, INC. 


Power Generators, Inc., is one of three companies who in recent years has de- 
veloped original and improved designs of Navy types compression distillation 
plants for saline water conversion. A recent prototype unit has successfully 
passed the exacting requirements of the United States Navy. 

Mr. Chairman, numerous communities have indicated a need for supplementary 
potable water supply. The Federal Government cannot hope to subsidize all 
needy communities. Accordingly, such demonstration plants as are undertaken 
with Federal support should lead to economical plants which can meet immedi- 
ate needs. There would be no point in subsidizing mediocrity with Federal 
funds. 

There are basically six processes to choose from, i. e., electrodialysis, freezing, 
solar distillation, compression distillation, thermal distillation, and combinations 
of the last two. Existing commercial saline water conversion plants are either 
of the electrodialysis type or the distillation type. The cost of product for these 
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plants has been variously estimated from a low of 20 cents per thousand gallons 
to the present actual figure of $2.80 per 1,000 gallons for large scale multiple 
effect flash type distillation plants. 

It generally costs less than 20 cents per thousand gallons for well water or 
treated natural water. Industrial users in the eastern United States are 
now paying as high as 30 cents per thousand gallons. Most municipalities faced 
with imminent water shortages are loath to pay more than 45 cents per thousand 
gallons, delivered at sea level. At costs above 50 cents per thousand gallons, 
other sources such as barge transportation, or reuse of sewage waters become 
increasingly competitive. Considering a cost of 10 cents per 1,000 gallons to 
pump water from sea level to a sufficient reservoir level to insure fire protec- 
tion; a cost of product of 35 cents per thousand gallons is a realistic goal for 
1960. 

Brackish water is making its appearance with increasing frequency all over 
this country as the water table recedes. It is advantageous to develop a single 
system to desalinize either brackish water or sea water. However, to be eco- 
nomic, the system must convert saline water at a product-fuel ratio of at least 
500: 1, and must employ the cheapest fuel source available in the area. Most 
often the cheapest fuel source is residual petroleum. The cost of such fuel 
must be reckoned at not less than $2.50 per barrel in the next 20 years and 
therefore the minimum cost of potable water must be reckoned at approxi- 
mately 15 cents per 1,000 gallons for fuelalone. If the product-fuel ratio is 250: 1, 
the cost of fuel is 30 cents per 1,000 gallons of potable water. Most distillation 
plants built to date have a product-fuel ratio of less than 250:1. Quite obviously 
a new approach to saline water conversion is required for economic conversion 
of sea water. Such a new approach is described in Power Generators, Inc., 
Report 1522—A (on file with the committee). 

Mr. Chairman, it is easier to talk cheap water than to produce cheap water. 
Any claim to lower cost desalinization is justifiably subject to critical scrutiny. 
It would, for example, be possible to show low costs of potable water by assuming 
a fictitiously low fuel cost. In this connection, caution must be exercised in 
accepting costs of desalinization based upon the Department of Interior’s 
Standardized Procedure for Estimating Costs of Saline Water Conversion 
wherein the suggested cost of fuel corresponds to approximately $1.25 per barrel 
or less than half the going rate in most arid regions. Another way of showing 
low potable water costs is to assume cheap materials, such as never previously 
accepted for sea water distillation plants and for which no service record is 
existent. It is much more difficult to produce cheap water with the best ma- 
terials and with equipments such as used in large central stations during the 
past 40 years for which 1-year warranty and 20-year service contracts are 
available. 

Mr. Chairman, it is only fair to inquire by what means it is proposed to achieve 
the unprecedented distillate feed ratio of 500:1 for sea water and 650:1 for 
brackish water. Power Generators, Inc., Report 1522—-A describes an old kind 
of heat transfer surface used in a new way to produce evaporation of sea water 
with an expenditure of power roughly one-third that previously achieved in 
the most efficient distillation plants. It is well known that heretofore the most 
efficient distillation plants operated at 12° F. temperature difference across the 
heat exchanger surface. The Power Generators’ unit can operate with one-fourth 
this temperature difference at four times the heat transfer efficiency and thus re- 
duce power consumption to roughly one-third without increasing the amount of 
heat exchanger surface. Further technical developments are in prospect and 
accordingly any prognostications of product cost projected in Power Generators, 
Inc., Report 1522-A must be viewed as conservative. 

Mr. Chairman, it will be immediately recognized that if sea water can be 
evaporated with an effective temperature difference of 3° F. across the heat 
exchanger, then brackish water can be exaporated without the handicap of 
several degrees elevation of the boiling point, i. e., with less expenditure of 
power and therefore a higher product-fuel ratio. Accordingly, wherever pos- 
sible, potable water should be generated from brackish water. 

One of the caprices of nature is the tendency of saline waters to deposit scale 
on the heat exchanger surfaces above 155° F. Scale inhibitors have been success- 
fully employed at higher temperatures but only evaporation below 155° F. in- 
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sures reasonable immunity from the deleterious effects of scale formation. The 
desalinization plant described in PGI Report 1522—A is designed for low tempera- 
ture operation despite the inherent penalties of increased initial cost and some- 
what less favorable power consumption as compared with higher temperature 
operation where scale inhibitors would be required. 

A crucial consideration in the operation of desalinization plants is the manner 
in which the energy of the fuel is used. Many municipalities will require eco- 
nomic desalinization in capacities of 2,500,000 gallons per day. At 500: 1 product 
fuel ratio, the power required is roughly 4,000 horsepower. Only the General 
Motors free-piston gasifier turbine combination will give the lowest fuel cost at 
this moderate power consumption in conjunction with assurance of continuous 
operation. This is a new development in the United States backed by 30 years’ 
operating experience abroad with the burning of the cheapest residual fuels. 

Allis Chalmers have since 1860 occupied a foremost position in steam-plant 
equipment. No other company in the United States produces such a wide range 
of powerplant equipment. Except for the free-piston gasifiers, Allis Chalmers 
are in a position to manufacture all the components of the desalinization plants 
designed by Power Generators, Inc. 

It will be possible to undertake with assurance a 2,500,000 gallons per day 
plant for delivery in 1960 at a cost of something less than $4 million. Subse- 
quent plants might be expected to cost roughly $3 million in this capacity. Ulti- 
mately it is believed likely that 10-million-gallons-per-day plants can be installed 
for less than $10 million. 

In preparation for the construction of large scale saline water conversion 
plants all over the world, arrangements are being made by Power Generators, 
Inc., for the installation of calibration units in Israel, Spain, New Jersey, Wis- 
consin, and California. The data made available from these calibration units 
will permit accurate rating of heat exchangers based upon local water conditions. 

It is pertinent to observe that fuel and labor costs are likely in the forthcoming 
years to continue upward in price. Low energy consumption plants obviously 
minimizes fuel consumption and thus makes for greater stability in the overall 
cost of product. By contrast, where the cost of product is primarily dependent 
upon fuel costs as in old-fashioned distillation plants, it is important to take 
account of the likely rise in operating costs after installation. 

The proposed Senate Joint Resolution 135 aims at expending Federal funds 
for demonstration plants. These plants should be contracted for by local au- 
thorities based upon competitive bidding against specifications calling for a 
1-year warranty and 20-year service contract. Only by such means can valid 
selection be made as between contending claims. It would serve no purpose to 
expend Federal funds on plants such as already exist in aircraft carriers and 
which hold no promise of economic saline water conversion. Rather, it would 
be more useful to demonstrate plants having the capability in sizes of 2,500,000 
gallons per day of generating potable water at 35 cents per 1,000 gallons. Given 
such capability, local water authorities will have no trouble selling 244-percent 
40-year bonds. 

With respect to the efforts of the Office of Saline Water, pilot plants of 1 mil- 
lion gallons per day should not be undertaken unless there is reasonable prospect 
of producing potable water at substantially less than 35 cents per 1,000 gallons, 
based upon a realistic cost of fuel, 20-year amortization, 40-year life, and 2%4- 
percent tax-free water authority bonds. In any case, the Office of Saline Water 
should be encouraged to open its doors to competitive bidding for prototypes. 
Only by such an open door policy will the country’s best talents be given equal, 
fair, and complete consideration. A closed door policy can only lead to stag- 
nation. 

“The basic aims of Senate Joint Resolution 135 are commendable and deserving 
of support and passage of this resolution can be the starting point of practical 
solutions to an ever-increasing problem. The opportunity afforded Power Gen- 
erators, Inc., to present its views is sincerely appreciated. 


23642—58——11 
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COST ANALYSIS: 1958 Plant 


Plant capacity (gallons per day) 
Feed quality (parts per million) 
Feed cost (dollars per thousand gallons) 
Fuel cost (dollars per thousand gallons) 


Energy consumption (kilowatts per thousand 
gallons) 
Fuel rate at gas turbine (pounds per 10 horse- 
power hours) 
— “srry (pounds per thousand gal- 
ons 
Fuel cost at $2.50 per barrel 
Fuel cost (dollars per thousand gallons) - - - -_- 
Equipment cost (dollars per gallons per day), 
including erection 
Plant cost (dollars per gallon per day), including 
contingency and fee 
Labor cost: 
pre oi personnel 
Maintenance personnel 
Average hourly rate (dollars per hour) - - - - --- 
Labor costs (dollars per thousand gallons) _ _ -- 





Operating costs (20-year amortization) (dollars per . 
ARO i Fi Sta bes ce cee § 


Amortization at 2} percent interest____-.~__-- 

Deane te SOM. SU 8 Stic Si Sewn dawn 

Labor cost 

Maintenance materiel (34 of 1 percent per 
ORRMNE i Ses Bs ia ee a 


Operating costs (20 years after amortization) (dol- 
lars per thousand gallons) _________...._-._--- 


Replacements (amortized over 20 years at 244 
ODM Ea rs seh. i Leb LA ae doen a oats 

Pa OO cierto. : 

Labor enets 2g tu ble: ‘ 

Maintenance materiel___-_ 


Average cost of product (dollars per thousand gal- 
lons) : 

Cost of unblended distillate (dollars per thou- 
sand gallons, 

Cost of 2,500 parts per million feed (dollars per 

CiiOaisdaeesens) . ss ss ee os 

Cost of 500 parts per million blended product !_ 

' Assuming mixing with brackish water of 2,500 parts per million. 


2? Assuming desalinization of surface brackish water. 
3 Per 10,000,000 B. t. u. 





SALINE WATER CONVERSION 


COST ANALYSIS: 1960 Plant 


Plant capacity (gallons per day) 

Feed quality (parts per million) 

Feed cost (dollars per thousand gallons) 
Fuel cost (dollars per thousand gallons) _ - 


Energy consumption (kilowatt per thousand 
gallons) - 

Fuel rate at gas turbine (pounds per 10 horse- 
power hour) 

Fuel consumption (pounds per thousand gallens) - 

Fuel cost at $2.50 per barrel - 

Fuel cost (dollars per thousand gallons) - 


Equipment cost (dollars per gallon per day), inebailing: 
erection _ - - --- 
Plant cost (dollars | per gallon per day), including con- 
tingency and fee_ he ; ; 
Labor cost: 
Operating personnel___---- -- --- ane aie whee nib din 
Maintenance personnel. - SSE e 
Average hourly rate (dollars per het selbst 
Labor costs (dollars per thousand gallons) - - - - 


Operating costs (20-year amortization dollars per 
thousand gallons) ____---- iss oes ‘ a 


Amortization at 24 percent interest ue 5 

Fuel cost. = aad ; ie ss wats . 165 
Labor cost. : . 020 
Maintenance “material (44 perce ont per annum) _ -- ‘ 020 





Operating costs (20 years after amortization dollars 


per thousand gallons) 


Replacements (amortized over 20 years at ‘ 

percent) __ ont co alee . 085 
Fuel cost -- RD ae at Fath copes . 165 : 
Labor cost_-- - - - phil, dia of gs Otel . 020 . 015 
Maintenance material_.- - " . 020 020 


Average cost of product (dollars per thousand gallons) : 
Cost of unblended distillate (dollars per thousand 
gallons) _ - $0. 375 $0. 335 

Cost of 2,500 parts per million feed “(dollars pe r 
thousand gallons) __.- ‘ . 200 . 050 
Cost of 500 parts per million blended product !_ 1 . 340 . 280 


! Assuming mixing with brackish water of 2,500 parts per million. 
2 Assuming desalinization of surface brackish water. 
3 Per 10,000,000 B. t. u. 
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COST ANALYSIS: 1965 Plant 


Plant capacity (gallons per day) 40, 000,000 50, 000, 000 
Feed quality (parts per million) 

Feed cost (dollars per thousand gallons) 

Fuel cost (dollars per thousand gallons) 


Energy consumption (kilowatts per thousand 
gallons) 
Fuel rate at gas turbine (pounds per 10 horse- 
power hour) 
Fuel consumption (pounds per thousand gallons) - - 
Fuel cost at $2.50 per barrel 
Fuel cost (dollars per thousand gallons) - __.....-- . 136 


Equipment cost (dollars per gallon per day), including 
i $0. 90 
Plant cost (dollars per gallon per day), including con- 
tingency and fee $1. $1. 00 
Labor cost: 
erating personnel 16 
aintenance personnel 4 
Average hourly rate (dollars per hour)___.._.___-- $2. 7: $2. 75 
Labor costs (dollars per thousand gallons) . 005 0. 0075 


Operating costs (20-year amortization) oN per 
SURAT NI ia os 5 eas aii rele a 


Amortization at 2% percent interest_____..__.---- 
Fuel cost 

Labor cost 

Maintenance material (4 percent per annum) 


Operating costs (20 years after amortization) (dollars — 
per thousand gallons) 


Replacements (amortized over 20 years at 24 per- 
O0R6) Ginn <nus acd a se cll nigh Mi iiencioae 
Fuel cost 


Average cost of product (dollars per thousand gallons) : 

Cost of unblended distillates (dollars per thousand 
gallons) $0. 318 

Cost of 2,500 parts per million feed (dollars per 
thousand gallons) . 200 
Cost of 500 parts per million blended product !. ... . 295 


1 Assuming mixing with brackish water of 2,500 parts per million. 
2 Assuming desalinization of surface brackish water. 
3 Per 10,000,000 B. t. u. 


SUMMARY 


By virtue of the successful demonstration of a unique heat transfer surface, 
as also by virtue of the employment of the latest type prime mover within an 
optimum thermodynamic framework; it is now, for the first time, possible to 
envisage economic desalinization of sea water and economic reclamation of 
potable waters from industrial and municipal effluents. 


Senator ANpERsoN. Our next witness will be Mr. W. R. Hainsworth, 
of the Fluor Corp., of Los Angeles. 
Your complete statement will be placed in the record. 
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STATEMENT OF WILLIAM R. HAINSWORTH, VICE PRESIDENT OF 
THE RESEARCH DIVISION, THE FLUOR CORP., LTD., LOS ANGELES, 
CALIF. 


Mr. Hatnswortru. My name is William R. Hainsworth, and I am 
vice president of the Fluor Corp., of Los Angeles, California. By 
way of introduction, I would like to say that the Fluor Corp. is an 
pines and construction —— in the business of building re- 
fineries and powerplants and nuclear plants. And we are affiliated 
with Singmaster & Brier, an engineering concern in New York, who 
have engineered and constructed the Aruba plant for the distillation 
of salt water. In my work as head of research we have been doing 
some studies for the Office of Saline Water, and one of these studies 
involves the use of nuclear energy combined with the distillation 
process. 

And I would like to say just a few words from the point of view 
of the technology of the nuclear plant, and that is that such plants 
must necessarily be very large. They are not adaptable to energy 
sources as a supply for energy for small-size plants. And that neces- 
sarily ties us in with the production of fresh water from salt water 
on a very large scale. This fits in with the requirements of certain 
areas; for example, the southern California area where we all know 
that the water consumption is very high, and there are some critical 
situations. We have already heard some statements to the effect that 
the growth factor there is such that a plant in the neighborhood of a 
hundred million gallons a day would be required every 2 or 3 years in 
order to take care of the incoming population of all the water was 
supplied through that medium. 

Of course, it will not all be supplied through the medium of plants, 
but, even to be of interest as a supplemental water supply, the plant 
would have to be very large. So, we are talking about siete on the 
order of magnitude of ten to a hundred million gallons of water a day. 

Senator Anprerson. Are you going to mention what systems you 
were using with the proposed nuclear reactor ? 

Mr. Hatnsworrn. Yes. I was coming to that. The work for the 
Office of Saline Water, which, incidentally, is not of the type which 
we have talked about before in the meeting here, but this research 
and work for the Office of Saline Water was more of a design study 
of a large plant. It was removed from the research end of the 
situation. And I think we were the first to get into that type of a 
study involving the use of a nuclear plant in combination with dis- 
tilled water. 

We, as a result of that study, selected a reactor which is charged with 
natural uranium and moderated and cooled with heavy water. We 
had a choice of reactors, of course. But we were—the objective was 
to supply heat at the lowest cost from a reactor system. This is 
what we came up with after going through quite a few different 
types of reactors. 

instar Anpverson. Did you have any degree of enrichment at all? 

Mr. Hainsworth. No. t this case, we are not talking about. en- 
richment. I might say that there is some experience in the back- 
ground, although all of the information is not readily available to 
us, in that a natural-uranium and heavy-water reactor has been built 
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in Canada. The Chalk River was a smaller experimental unit. But 
the larger plant is just being completed up there of 200 megawatts 
of this type, but for power production, not for just heat production. 
And power and plutonium production. 

Now, I have a few slides here. I think, if we can look at these, I 
will be able to explain them a little better. 

(The slides referred to appear in Mr. Hainsworth’s prepared state- 
ment following his oral testimony.) 

In describing this system, I am going to review very briefly the 
results of the study which was made for the Office of Saline Water and 
then relate that to the demonstration plant we are talking about in con- 
nection with the proposed bill. This is, of course, a very schematic 
diagram, but it shows just the manner in which the reactor is hooked 
up to the distillation system (slide 1). 

We have a reactor in this position, and pressurized heavy water 
within the circuit, and the steam forming in the separate vessel. Then 
that steam is being used in the multiple-effect distillation plant. Sea 
water coming in and fresh water going out. 

Now, this part here we can imagine—well, let’s compare for a minute 
this type of a system with a powerplant system where we have a re- 
actor supplying steam for the powerplant and a turbine setup over 
here. Now, if we were talking in this kind of a proposal here about the 
same economic relationships that we have when using steam for power 
purposes, we would really have nothing much to talk about, because 
we all know that the cost of power from a nuclear plant at the present 
time is not competitive with power coming from conventional fuel 

lants. 

The big difference in this system which gives us some encouragement 
to follow through with it, and is quite economical as far as fuel cost is 
concerned, is the fact that the requirement for distillation is very low 
temperature steam in comparison with the requirement for power pro- 
duction. If we have steam available here in the neighborhood of 
200° or a little more, it is perfectly satisfactory for this purpose. 
Whereas steam has to be up to 1,000° or a fairly high pressure to be 
of any real value in the power-production plant. 

Under those conditions, the reactor can be designed on an entirely 
different basis. We do not have to have as heavy pressure vessel. We 
do not require the use of materials such as zirconium. We can go 
over to aluminum. And there are a number of factors throughout the 
whole system which greatly: reduce the cost of steam from that low- 
pressure type of unit. 

Now, may I have slide 2 projected ? 

Without going into detail of all the factors which contribute to the 
lowering of this cost of steam, I have selected just the two types of clad- 
ding for the fuel elements. Using aluminum cladding and compared 
with zirconium cladding we see that the fuel cost—represented by this 
side of the chart—is much lower; in fact, almost half the cost of the 
zirconium cladding. 

The bottom terminology here where we say maximum exposure level, 
megawatt-days per metric ton, this is simply a measure of the amount 
of energy extracted from the uranium. And it also determines how 
long the uranium stays in the reactor. If we can extract more energy, 
of course, a batch of uranium can stay in the reactor for a longer 
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period of time. And that, in turn, materially reduces the cost, because 
there is less reprocessing and less work involved in recovering the plu- 
tonium. 

So, you see, there is another factor here shown. And that is the en- 
richment percent. This 0.71, of course, is natural uranium and is in 
the area that we are talking about. So you can see that the aluminum 
cladding, as compared with the zirconium cladding in that case, ac- 
counts for a very large difference in the cost of fuel itself. This is for 
a 13-foot diameter reactor core. 

This shows the effect of reactor power level or reactor sides on this 
cost of fuel, cost of steam. We speak of it in terms of cost of steam. 
We have here (slide 3) steam cost in cents per million B. t. u.’s. At 
the bottom of the chart we have 2 scales, 1 is megawatts and the other 
is identified as millions of gallons per day. 

This is megawatts, of course, in terms of thermal energy or heat 
energy and not in electrical energy. It is just a measure of the amount 
of heat energy that we are drawing from this reactor. If we were 
using it as a powerplant, thermal energy may be up here around 300, 
and that is because of the efficiency of the power system. So this 300 
here would correspond to a hundred megawatt electrical powerplant 
on the order of magnitude. You can see that something under 200- 
megawatt plant would be needed for a million gallons of water per day. 

Now, the curve drops fairly sharply. And you can see that the cost 
of heat from a reactor down to relatively small sizes is up in the same 
order of magnitude as the same cost of heat which was selected by the 
Office of Saline Water as the standard figure for comparative purposes. 
Here we have 55 cents per million B. t. u.’s, or practically the same as 
55 cents per thousand pounds of water. At this level, then, there is no 
particular advantage in using reactors. We have to go to larger sizes. 
Another type is involved in that this reactor of the natural uranium, 
heavy-water type, has to be of a certain size before it will be critical; 
and we cannot make a unit which would use natural uranium and be 
at all practicable in this lower end of the chart. 

These two points here are based on published information and studies 
made by others which indicated that at this low level heat from the reac- 
tors is about comparable with the heat from the conventional fuel. 

But here, again, you can see that we have reduced the steam cost 
down from 55 cents, the standard value, down to about 20 cents, when 
we get out into the larger sizes. 

Seantor Anperson. What size is that? 

Mr. Harnswortu. This is 10 million gallons per day here. 

Seantor Anperson. When you are down to the 20 cents, what size 
is it? 

Mr. Hatnswortu. Twenty cents is way out here at 50 million gallons 
per day where it levels out. The type of reactor in this area is different 
from this. And that is the dotted line. So that there is really no con- 
nection. This is a hight water moderated plant and slightly enriched 
inuranium, So we are talking about two different types. 

The point I wanted to make, though, is that the cost from the 
reactor of the large size, the cost of the steam, is less than half of the 
steam from conventional fuel plants. And we go up to the standard 
figure used by the Office of Saline Water. 

Now we goto slide 4. 
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Here we have the water cost against the plant capacity for seven- 
effect combination evaporator. Plant capacity in millions of gallons 
pot i The chart ranges from 10 million to 60 million spem per 

ay. e water cost is in cents per thousand gallons. t me say 
the seven-effect combination evaporator, we are talking about the com- 
bination of the flash and the multiple-effect evaporator. Both of 
these have been described by previous witnesses. And our main pur- 
ar in making this study was to try to pick out what we thought to 
the best distillation plant to be combined with the reactor plant to 
roduce lowest cost water. It turned out that the seven-effect com- 
ination evaporator, combined with the multiple-effect evaporator, 
gave us the lowest cost. 

Senator Casr. In your discussion of this in your paper I notice 
you said this was based upon using aluminum brass tubes in the dis- 
tillation plant, or if later on it is found possible, by using inhibitors 
or other means, to use steel tubes, it is estimated that the cost would be 
reduced to less than 50 percent per thousand gallons for the large- 
scale plant. 

Do you think it is practical to use steel tubes ? 

Mr. Harnsworrn. That is part of the program which is being in- 
vestigated by the Office of Saline Water. And we also made use of 
what they called the long-tube vertical-type evaporator which Mr. 
Badger described. And depending on the results of the research and 
the efforts which are being made now, it may be that parts of this 
plant or maybe the whole plant could go over to carbon steel type of 
tubing. This cost here is based on the alumnum brass which is inter- 
mediate in cost between the nickel and carbon steel. 

Senator Case. Would the carbon steel be usable if we are dealing 
with briny water ? 

Mr. Harnsworrn. That is what we are attempting to find out. We 
are attempting to find out how long the carbon steel will last and 
what the effect would be through these experiments which are now 
underway. That is why these cost figures are based upon the use of 
aluminum brass or an alloy which we know will last a great deal longer 
than carbon steel. That comment was thrown in simply to indicate 
the magnitude of the saving which might result if we were able to go 
to carbon steel and not use the more expensive element. That would 
bring it down to less than 50 cents. ‘This curve would move way down. 

I show 2 curves on here, 1 market, 4-percent industrial financing, 
and 1 market, 214-percent Government financing. This again shows 
the effect of the cost of money on a plant of this type. This 20-year 
amortization, 4-percent money, would be reasonable for an industrial 
plant if the plant were made available by the Government for 214- 

ercent money just for purpose of illustration with no taxes and 
insurance; the reduction in cost of water for the large-size plant would 
be in the neighborhood of 15 cents. 

In order to get some idea of the total amount of money involved in 
a plant of this type, and again I am talking about a large plant capa- 
ble of producing, say, 10 million to 50 million gallons of water a day, 
I submit the following table so as to show the capital cost and then the 
estimated water cost. The reactor itself, you see, is less in amount of 
money involved in the reactor than the distillation plant. Ten million 
gallons per day of $5,500,000, and a distillation of $9,123,000. If we 
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use the industrial financing, it is 4-percent interest, with a 20-year life, 
which would come out to a cost of 77 cents. And going to the 50- 
million gallons per day plant, we would come out to 63 cents. The 
cost using Government financing would be somewhat less. 


Plant and water costs 


Plant capacity 
10,000,000 50,000,000 
gallons per 
day day 


Plant cost: 
I iat ide a iach a lewinnaiel saath $5, 500, 000 $17, 100, 000 
SN. Sin bled ona end Se nk nknedm aba ncscedlt si cocahhhdinhcoteledage , 123, 45, 615, 000 


Fe lsatidt bh tiisgntimncedbncnhiedcunniden sap canon geingoepetaratauweteed , 623, 62, 715, 000 


Water costs (cents per 1,000 gallons): 
Conventional industrial financing ; 63.0 
Assumed Government financing ‘ 53.9 


I skipped through this hurriedly without getting into too much de- 
tail of the study. But the study was based upon quite a bit of detail. 

This is not based on the definitive estimate for a plant of this size 
to make a real engineering or definitive estimate of cost. Even a de- 
sign-study estimate would cost in the neighborhood of $130,000, and if 
you pot into an engineering estimate, to do all the engineering work 
involved to permit you to build the plant and get it real close might 
run up as high as a half-million dollars, just to do the engineering 
work, that is. So the accuracy of these figures has to be related 
to the amount of time and effort that we put into it, of course, which 
was relatively small in comparison with those detailed studies. 

Senator ANpERson. Why did you go to natural uranium in heavier 
water ? 

Mr. Hatnswortu. We went to that type after analyzing the several 
other types which might be suitable for this purpose, for use with alu- 
minum of the size we were interested in. And it just came out as a 
basis of this study that the cost from this type of reactor was less 
than the light water partially enriched type. Now, there are some 
uncertainties, of course, which have to be worked out in a period of 
time. We made certain estimates on the loss of heavy water in this 
plant based on the experience, published experience, by the AEC and 
others. And we had to use certain other factors in going from one 
type of plant to another. So we can’t say that this is an absolute 
figure. But it certainly is not too far out of line, in our opinion. 

I am relating this to a demonstration plant. I think that such a 
thing would be feasible in spite of the fact that they are talking about 
a total cost here of $14 million. It would be possible to make use of 
a full-scale reactor which would perhaps—well, which we know would 
be capable of supplying more energy than is needed for, say, a million 
or 2 million gallons-a-day plant. But use that reactor in combination 
to a much smaller distillation plant and bring the combined cost well 
within the $10 million that is proposed for this type of a demonstra- 
tion plant. That plant, if placed in an area where there is some assur- 
ance that additional water will be needed as time goes on could then 
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be enlarged by simply adding distillation units to provide for that in 
the original design and bring the plant on up to the 10 million gallons. 

The reason we propose that type of a procedure is to enable the 
collecting of engineering and test data on a type of reactor which we 
propose to use for the largest size. If we used a smaller reactor, which 
could be used, of a different type, then we would not have the infor- 
mation to permit us to scale up to another type of reactor. And for 
that reason we propose that the demonstration plant, if selected to be 
combined with the nuclear plant, be powered by a reactor of this type 
capable of producing more power than is needed by a much smaller 
distillation plant. 

There are several other points I would like to make. One is that in 
the California, southern California area, for example, if we are talk- 
ing about a hundred million gallons a day plant, the amount of energy 
required to operate that plant of a distillation type becomes an im- 
portant factor in relation to the amount of fuel—gas, for example— 
that is brought into that area. A hundred million gallons per day 

lant would take almost 10 percent of the amount of natural gas which 
is brought into southern California at this time, which means that a 
nuclear reactor subject to that type of a limitation or consideration 
would in the long run prove to be much more satisfactory. 

There is another point which as an engineer I do not know whether 
I should make much of a point of; but there is a factor of prestige, of 
being the first to build a nuclear plant for the purpose of distillation 
of salt water, for whatever that may be worth in relation with other 
countries. 

Also, obviously this plant could be installed in other places where a 


large volume of water was required. 
1 think that about covers what I have to say in the way of decription., 
Senator ANpERson. Well, we thank you very much. 
Mr. Harnswortn. Thank you. 
(The prepared statement of Mr. Hainsworth is as follows :) 


PREPARED STATEMENT OF Wirtt1AM R. HAINSWORTH, VICE PRESIDENT OF THE 
RESEARCH DivIsION, THE Ftvor Corp., Ltp., Los ANGELES, CALIF. 


Mr. Chairman and gentlemen of the committee, I appreciate very much your 
invitation to appear here today. My name is William R. Hainsworth and I am 
vice president of the research division of the Fluor Corp., Ltd., located in Los 
Angeles, Calif. 

Our interest in the production of potable water from saline water extends over 
a period of several years. We have been motivated by both concern of what im- 
pact a water shortage would have on the economic development of our country 
and the realization that sea-water conversion plants, of whatever type they may 
be, would necessarily involve tremendous engineering effort, which is the principal 
business of the Fluor Corp. 

It is recognized that the water-shortage problem must be studied from many 
points of view. The small isolated community is subject to an entirely different 
set of economic and supply considerations than is a major populated area. The 
optimum process and equipment used may be entirely different for the two cases. 
The Office of Saline Water program properly includes research and studies of 
many systems showing promise for these various applications. Our interest is 
centered in large-scale conversion plants. 

As a result of our initial investigations, we realized that an enormous quantity 
of water would have to be desalted if converted saline water is to materially 
augment our natural water supply for a major area, such as southern California. 
This, combined with Fluor’s familiarity with the design and engineering of large 
nuclear reactors capable of supplying the energy needed for large-scale con- 
version plants, led to a contract with the Office of Saline Water. The contract 
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covered .a study. of .the applicability of combining nuclear energy with saline 
water distillation processes: Much of the information presented here resulted 
from that study, which has been completed. 

Since the study was largely concentrated on the economics of the reactor and 
distillation system, it is important to stress the need for standardization of cost 
methods in order to compare various conversion processes using a common 
denominator. The Office of Saline Water has contributed materially to this 
standardization and procedures for sound economic evaluation. On the other 
hand, using these figures for comparisons with the cost of natural water where 
true costs either are not known or are not reflected in water rates often leads 
to erroneous conclusions. 

The projected annual rate of population increase in the southern coastal area 
of California is about 220,000 people a year for the next 10 years. Assuming a 
per capita consumption of 150 gallons a day (present consumption is about 
170 gallons a day), the yearly increase in water needed corresponds to an in- 
crease in capacity of 33 million gallons daily. A 100-million-gallon-a-day saline- 
water conversion plant would have to be built every 3 years to meet this require- 
ment. This quantity of water must be added to the present consumption rate 
of about 900 million gallons a day. However, a plant to produce supplemental 
water of only 10 million gallons a day capacity would be large in comparison 
with the 2.7-million-gallon-a-day plant now being completed on the island of 
Aruba by Singmaster & Breyer, an affiliate of the Fluor Corp. This will be 
the largest single plant in existence when completed in 1958. 

These figures are cited only to illustrate the magnitude of water requirements 
in the southern California area. Furthermore, the energy required for a 100- 
million-gallon-a-day plant would amount to approximately 10 percent of the 
natural gas now being supplied to the area. The equivalent large quantities of 
energy from nuclear sources could be supplied without materially affecting the 
supply-demand balance for fossil fuels. 

Nuclear powerplants are not at present competitive with fossil-fuel power- 
plants. On the other hand, the steam temperature requirements for a distilla- 
tion plant are considerably less than the temperature requirement for a steam- 
electric powerplant. Our study indicated that many of the cost factors asso- 
ciated with nuclear powerplants were related to the temperature of the system 
and, therefore, the costs might be considerably reduced in a low temperature 
reactor. 

We have concluded that the cheapest low-temperature steam in large quan- 
tities is produced by a natural uranium-fueled, heavy water-moderated reactor. 
Steam produced from the reactor is used in a multiple-effect distillation plant 
to convert the sea water. The reactor dimensions must be quite large in order 
for the system to sustain a neutron chain reaction. A minimum-size reactor 
of this type is capable of generating enough steam to distill at least 10 million 
gallons of water a day. 

Following is a brief discussion of some of the features of this reactor. The 
use of low temperatures in the reactor compared with the comparatively high- 
temperature reactors used for power production permits the use of aluminum- 
clad fuel elements in place of more costly cladding, such as zirconium. This 
feature has far-reaching effects and results in reducing the fuel component of 
the steam cost over one-half. 

The steam cost from the reactor decreases with the increasing size of the 
reactor. For large reactors capable of distilling 50 million gallons a day, the 
cost of steam is less than one-half the Office of Saline Water’s cost of 55 cents 
per million B. t. u. based on fossil fuels. This is comparable to and, in many 
cases, less than the cost of using exhaust steam from a large powerplant as de- 
termined by a detailed study of the cost of exhaust steam made by the Fluor 
powerplant department. The advantage of using the reactor is elimination of the 
need for relating water production to power requirements for a particular area. 

The water cost, using a nuclear reactor with a 7-effect evaporator, remains 
constant for plants above 40 million gallons a day and amounts to about 63 cents 
per thousand gallons. This figure is based on Office of Saline Water procedure 
where applicable, using 4 percent interest and normal industrial plant charges. 
On the other hand, if, for example, it is assumed that Government financing may 
be obtained at 24% percent, combined with elimination of taxes and insurance, 
the cost of water would be reduced to 53 cents per thousand gallons. For smaller 
plants, the cost rises rapidly and at 10 million gallons a day, the costs are 
77 cents and 63 cents, respectively. All of these figures are based on the use 
of aluminum brass tubes in the distillation plant. If later on it is found possible, 
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by using inhibitors or other means, to use steel tubes, it is estimated that the 
cost would be reduced to less than 50 cents per thousand galions for the large- 
scale plant. 

The capital and water costs for a 10- and 50-million-gallon-a-day plant are 
shown in the following table: 


Plant and water costs 


Plant capacity 


10 million 50 million 
gallons per | gallons per 
day day 


Plant cost: 
Reacto’ 


$17, 100, 000 
45, 615, 000 


62, 715, 000 


Cents per 1,000 gallons conventional industrial financing 
Assumed Government financing 


The above discussion is a bare outline of the work done on the reactor-dis- 
tillation plant. Details are contained in reports submitted to the Office of 
Saline Water. As a result of this work, we believe that the combination is 
capable of converting sea water to fresh water in quantities larger than 10 
million gallons a day at less cost than any other currently practicable process 
known to us. Also, it is believed that the technology necessary to permit the de- 
sign and construction of a demonstration plant has been established. 

Since the natural uranium, heavy-water reactor must be above a certain size 
(equivalent to approximately 10 million gallons a day) to support a chain 
reaction, a demonstration plant would involve the use of a much larger reactor 
heat supply than is needed for a distillation plant of 1 or 2 million gallons a day. 
Smaller reactors using enriched uranium and light water, for example, could 
be made to match the smaller water quantities but the cost of steam would be 
higher and such a plant would not provide a direct demonstration of the cost or 
the required engineering data for water from a plant capable of providing 10 
million gallons or more a day. 

One possibility would be to build the large reactor in combination with a 
relatively small distillation plant and operate the reactor at a low level. Pro- 
vision for the future utilization of the excess reactor steam can be incorporated 
in the plant design. This would provide factual operating data and enable 
conversion of the demonstration plant to an efficient 10-million-gallon-a-day 
plant later on by adding distillation equipment. Such a plant may be suitable 
for use in the San Diego area or in an area where there is potential use for at 
least 10 million gallons of water a day. It is believed that such a demonstration 
plant, including engineering, can be built within the proposed $10-million appro- 
priation. An engineering study would be required to definitely establish that 
this can be done. Also, it should be noted that the United States Atomic 
Energy Commission is interested in the possibilities of producing lower level 
heat energy from reactors. Another factor which is outside the jurisdiction of 
the engineer but which should be considered in connection with the use of 
nuclear heat to produce fresh water is the prestige for the United States to be 
the first to demonstrate the practicability of such a system. 

It is our opinion that the Senate Joint Resolution 135 is timely and we 
respectfully urge favorable action by the committee. 
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Schematic Diagram 
of Nuclear Reactor —Distillation Plant 
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Steam Cost 
for 13-Foot Diameter Reactor Core 
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Steam Cost vs Reactor Power Level 
& Approximate Water Plant Capacity 
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Water Cost vs Plant Capacity 
for 7 Effect Combination Evaporator 
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STATEMENT OF FRED G. AANDAHL, ASSISTANT SECRETARY OF 
THE INTERIOR, ACCOMPANIED BY DAVID S. JENKINS, DIRECTOR, 
AND JOSEPH J. STROBEL, CHEMICAL ENGINEER, OFFICE OF 
SALINE WATER—Resumed 








Senator Anprerson. Mr. Aandahl, we are prepared for you at this 
time, if it is convenient for you and your staff. 

In the letter in your testimony, I believe there is the statement that 
you could do the things we were discussing within the framework 
of the present legislation. 

Now, in this matter—this matter was up once before, and Secretary 
Chapman then, on June 30, 1952, wrote a letter to Clair Engle, chair- 
man of the Reclamation and Irrigation Subcommittee, Committee on 
Interior, and it reads: 

In response to your request, I am writing to confirm Mr. Lineweaver’s repre- 
Sentations to you that it is the firm position of the Secretary of the Interior and 
the Department of the Interior that H. R. 6578 in the form now pending before 
the House of Representatives does not authorize the Secretary to acquire and 
operate a demonstration plant in connection with the conversion of salt and 
brackish into use * * * 

While the Department recommended such authority, the bill as it now stands, 
in my opinion, clearly rejects that authorization. In view of the explicit lan- 
guage in H. R. 6578 as passed by the House and amended in the Senate, together 
with the discussions in committee and on the floor, the legislative history of 
this bill is clear that the Congress intended to deny any authority to the Secre- 
tary to acquire and operate a demonstration plant. 

There was, as you may have had a chance to be told, some discus- 
sion in which one branch of the Congress was going to be very sure 
that no demonstration plant was built, and attempted to restrict it to 
the small pilot plants which have been built and are being built, but 
wanted to be very sure that no large plant could be built. So that, 
therefore, I want to get some comment from you as to whether you 
think the present language does permit you to build a demonstration 
plant. I had better go to the memorandum here. i 

Mr. Aanpauu. I would be of the opinion that the present lan- 
guage of the bill and the legislative history associated with it would 
not permit us to build a demonstration plant. And, when I say that, 
I am thinking of a demonstration plant as one being built primarily 
for the purpose of demonstrating to the public what can be done 
with the processes that have been developed. Now, as contrasted to 
that, I think of a pilot plant of any size. And a pilot plant is one 
that is built for the purpose of exploring additional means of im- 
proving and making more efficient the system of converting. 

Senator Anperson. We had, yesterday, 2 or 3 presentations that 
indicated companies might be ready, willing, and able to build plants 
to handle up to a million gallons a day. 

And one estimate was given after preparation of site that such a 
plant might cost in the neighborhood of $1,600,000. Another one 
as I recall it, was something like $1,250,000. In the neighborhood o 
$1 million to $2 million for a plant to handle a million gallons a day. 

Would it be your opinion that a plant of that size, costing in the 
neighborhood of $114 million to $2 million, would be a pilot plant or 
a demonstration plant? 

23642—58——12 
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Mr. Aanpauu. That would depend entirely on the purpose of its 
construction. If it were recognized, in the analysis of the process that 
is Prapoem, that it is still short of its ultimate goal in efficiency and 
the plant were being built for the purpose of exploring ways and 
means of improving it, I would consider it as a pilot plant and one 
that was authorized under our present legislation. 

But, if all of the information that we had indicated that the proc- 
ess and the design of the plant was one that was thought to be per- 
fected almost to the maximum that could be expected of it, it would 
then fall in the category of a demonstration plant. And I don’t think 
we would be authorized to build it. 

Senator Anperson. Solely to be sure we get the legislative history, 
may I put this memorandum in the record : 


INTERIOR DEPARTMENT MEMORANDUM FOR SENATOR ANDERSON 


In Assistant Secretary Aandahl’s letter of March 19, reporting on Senate 
Joint Resolution 135, it was stated that “It is our opinion that the Department 
may continue to proceed * * * with the phase of pilot-plant development under 
existing authority without the enactment of further legislation such as Senate 
Joint Resolution 135 or S. 3370.” 

From the testimony of Dr. Badger and others, it would appear that the progress 
toward solution of sea-water conversion and treatment of brackish water had 
proceeded beyond the so-called pilot-plant stage. 

Therefore, for the Secretary of the Interior to proceed with the demonstration 
plant, further legislation seems necessary, together with the appropriation of 
additional funds specifically for this purpose. 

The legislative history of the Saline Water Act of July 3, 1952, as amended 
in 1955, clearly indicates that it was the then intent of Congress not to authorize 
demonstration plants. While the act of 1952 indicated that pilot-plant operations 
might be undertaken, the legislative record, as shown by letter of June 30, 1952, 
from former Secretary Chapman, committed the Department of the Interior 
to recognition of the lack of authority to acquire and operate “a demonstration 
plant.” 

In the testimony yesterday it was emphasized that demonstration plants are 
now in order, both for the desalting of sea water on a larger scale than the 
so-called pilot plant operation, as well as in the treatment of brackish water on 
a scale not possible of being undertaken under a pilot-plant program. 

The situation in the Virgin Islands requires attention in view of the urgency 
of providing an additional supply of potable water, as well as additional power 
on the island of St. Thomas. It is understood that legislation authorizing the 
Virgin Islands Corporation to issue bonds for the installation of a combination 
electric power and sea-water desalting plant is in preparation. Under these cir- 
cumstances, it certainly would be well for the Department to consider a demon- 
stration of improved methods of desalting sea water in the way of a utilitarian 
operation while the desalting process is being perfected. 

For some reason, the Department has been opposed to using the Virgin Islands 
operation for demonstration purposes in connection with the saline-water pro- 
gram, although both the Virgin Islands and the saline-water program are under 
the jurisdiction of the Secretary of the Interior. 


In Secretary Chapman’s letter of June 30, 1952, to Representative 
Engle of the House Interior Committee, he stated : 


It is our opinion that the Department may continue to proceed with the phase 
of pilot-plant development under existing authority without the enactment of 
further legislation such as Senate Joint Resolution 135 or S. 3370. From the 
testimony of Dr. Badgers and others, it would appear that the progress toward 
solution of sea-water conversion and treatment of brackish water has proceeded 
beyond the so-called pilot-plant stage. 

Therefore, for the Secretary of Interior to proceed with the demonstration 
plant further legislation seems necessary together with the appropriation of 
additional funds specifically for this purpose. The legislative history of the 
Saline Water Act of July 3, 1952, as amended in 1955 clearly indicates that it 
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was the then intent of Congress not to authorize demonstration plants. While 
the act of 1952 indicated that pilot-plant operations might be undertaken, the 
legislative record as shown by the letter of June 30, 1952, from former Secre- 
tary Chapman committed the Department of Interior to recognition of the lack 
of authority to acquire and operate a demonstration plant. 

Mr. Aanpaunw. What letter is that, Senator? 

Senator Anperson. Right here. The letter of Secretary Chapman 
which I just read. 

The point is that when it is in the legislative history at the time a 
piece of legislation is being considered, we have to be really careful 
that you aren’t caught by it at a subsequent time. 

From the testimony yesterday it was emphasized that demonstra- 
tion plants are now in order for the desalting of sea water on a larger 
scale and the so-called pilot-plant operation as well as in the treat- 
ment of brackish water on a scale not possibly being undertaken in 
the pilot-plant program. 

The situation in the Virgin Islands requires attention in view of 
the urge of supplying a larger supply of potable water. 

It is understood that the legislation authorizing the Virgin Island 
Corporation to issue bonds for installation of a combination electric 
power and sea-water desalting plant is in preparation. 

Under these circumstances, it certainly would be well for the De- 
partment to consider a demonstration of improved methods of desalt- 
ing sea water. For some reason the Department has been opposed to 
using the Virgin Islands operations for demonstration purposes in 
connection with the saline-water programs. Although the Virgin 
Islands and the saline-water program are under the jurisdiction of 
the Secretary of Interior. 

What I am trying to get to is this: I realize you have said very 
frankly that if 1t was in the process of still developing you would 
regard it as a pilot-plant operation. 

Now, Senator Case is interested in the situation in the northern 
Great Plains. There was testimony from Ionics, as I remember it, 
that it now has sufficient knowledge it believes so that it could build 
a million-gallon plant. And it is prepared to doso. 

It wouldn’t take any time to get ready for it at all. Such a plant 
would, of course, very nicely meet the present problem that Senator 
Case has in mind, because it would pretty Well establish whether a 
future refinement would make this a usable process, on the membrane 
process, for the improvement of brackish water. 

Do you believe that under your present authority, you could build 
a million-gallon ionic membrane process plant in the northern Great 
Plains area? Or do you need specific legislation such as Senator Case 
has introduced ? 

Mr. Aanpaunt. I think a million-gallon plant of the ionics type 

would be much beyond the scope of what we could cover with a pilot 
plant. 
Senator Anperson. That is exactly why we wanted to be sure that 
the testimony couldn’t be construed as promising that it could be done 
and then we would find out subsequently it couldn’t be done. I am 
not trying to—I know you don’t think that I am trying to accuse you 
of bad faith. Because that is the last thing I want to say. I want to 
say that very frankly. 

Mr. Aanpaut. I didn’t feel the slightest implication. 
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Senator Anperson. You, in good faith, sent us a letter. We want 
to be sure that if a 1-million-gallon plant is desirable in the northern 
Great Plains area and if, in addition, that two or three 1-million-gallon 
plants might be put into the remainder of the country, such as, for 
example, a location close to 1 of the great centers of population on 
the west coast, maybe another 1 close to a substantial center of popu- 
lation on the east coast, do you believe that those 2 plants in which 
piece that have been sordeped in pilot plants might be to some 

egree expanded but would be far below the level of final operation ? 

ould demonstration plants be permitted under the law as it now 
stands or do they need some such enabling legislation as I have pro- 
posed in 135 ? 

Mr. Aanpanu. The reason I answered as I did in the case of the 
Tonics plant is because it is my understanding that a single unit that 
would be used in the Ionics process is pretty much self-sufficient. And 
that single unit would not anywhere near approach the production 
of water that you suggested. 

Therefore, a plant of that size will be a series of a good many units. 
And when you start doing that, you are going beyond the piloting and 
experimenting stage and you are getting into what I would feel would 
be very definitely a demonstration plant. 

Senator Anperson. Now, Dr. Badger—— 

Mr. Aanpaui. Now when we come to the other process which I, 
for simplicity in terms, call the Badger long-tube converter, that is 
a process for pilot exploration. 

It requires a plant of a million or more gallons per day. So we 
could get up into that size very nicely. If you were going up to a 
plant of 20-million-gallon capacity, we would have, at least, to look 
at it a second time before we could characterize it as a pilot plant. 

Senator Anpverson. Yes, sir. I think I would say that when it got 
up to 20 million gallons, it would be on the pilot-plant stage. 

Mr. AAnpDABL. Yes, sir. 

Senator AnpEerson. What I am very anxious to have is assurance 
that the plan proposed by Dr. Badger, the plan preposed by Maxim 
Silencer, the plan proposed by Griscom-Russell, and all others sim- 
ilarly situated—I am not trying to tell the Secretary of Interior which 
ones he will build—I am only trying to use words and things which 
T listened to yesterday with a great deal of interest. But do you be- 
lieve that those plants which I have outlined would require additional 
legislation for their organization in view of the legislative history 
behind the present bill ? 

Mr. Aanpaut. I have specifically reflected on the possibilities of 
the Badger plant, the W. L. Badger type of plant. 

And like I said before, I am confident that under the authorization 
of the present act we could build a plant of that size. I am inclined to 
think that somewhat the same analysis would apply to the other two 
that you mentioned. But I haven’t checked those as much in detail. 

Senator Anperson. I think that is a good and fair answer. Now, 
Mr. Secretary, one of our pyran is that when it gets to the Appro- 

riations Committee of the Senate and House, the Appropriations 
ommittee has held down Mr. Jenkins because of the provision in the 
law, or the understanding in the law that we will build only pilot 
plants instead of demonstration plants. 
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You see what we might run into. Where you would be willing 
— that the Appropriations Committee would say this thing is 

rred under the Appropriations Act. 

It does give a little strength to Senator Case. And we want to make 
sure that actual language is given. 

Mr. Jenkins, what do you yourself think about a larger program 
provided in the legislation ? 

Mr. Jenkins. For a larger program ? 

Senator Anperson. Yes. Secifically let us state a million gallons 
now. Specifically the proposal that a million-gallon plant of some 
type—lI use Ionics only because they testified on a million gallons— 
to meet the desires that Senator Case outlined for a larger plant in the 
north Great Plains area than the present plant which was used at 
Phoenix and Miller, S. Dak., and is now at Denver. 

That is one phase of the program. 

The other phase is the fact that work has been done at Harbor 
Island. Itis promising. It is very encouraging. And at least 3 firms, 
and probably 20 firms—but at least 3—we will say, stand ready to go 
ahead very quickly. 

Dr. Badger was sure he could go ahead. Maxim Silencer and Gris- 
com-Russell stated they were quite ready to go ahead on about a mil- 
lion-gallon capacity at somewhere in the neighborhood of between a 
million and two million dollars after the site was prepared. 

Do you think that sort of a program is desirable and necessary at 
this time ? 

Mr. Jenkins. You have asked two questions. May I answer the first 
one first ? 

Senator Anperson. Take the Great Plains first. 

Mr. Jenxrns. I believe you asked if I thought that a larger pro- 
gram was necessary. I believe that, as a former member of the Presi- 
dent’s Cabinet and head of one of the greatest research organizations 
in the world, the Department of Agriculture, you know that the bureau 
heads and division heads, office heads, and section heads, all feel that 
their work is more important than other people’s work and that they 
want it to go faster than the overall policy of the department and the 
administration will permit. 

They wouldn’t be good employees unless they were enthusiastic 
about it. 

Therefore, my answer to that part of your question is I have always 
thought that we should have a much larger program. But Congress 
didn’t authorize a much larger program. We are trying to do the best 
we can with what we have. 

Now, as to the second question. 

Certainly a real pilot plant on brackish waters in the Great Plains 
would produce valuable engineering data that we do not have. How- 
ever, I have felt with regard to the installation of an existing piece of 
equipment, such as has been developed and perfected by Ionics that 
very little would be gained by building a million-gallon plant, except 
for one thing. That process does have—and several of the other 
processes that we have helped to nurse along do have—high costs at 
the present time partly because they are not in what might be called 
mass production. 
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The cost is high because each piece of equipment: is tailor made. 
And no one will place a large order because the cost is high. This isn’t 
new. 

It is a paradox that has occurred in many things—color television 
is one—and someone has to make the sacrifice and order a big plant 
of some kind. 

And that helps the factory or the industrial concern to lower its 
prices. If that were to be done, I am sure that the Ionics equipment 
would be sold for much less than it is today. 

Now, I don’t know whether that is a good thing for Government to 
enter into. 

Senator ANprerson. How many times is this going to have to go 
ahead ¢ 

Mr. Jenxrns. This is a policy not a scientific problem. It is a 
problem in Government policy, it seems to me. 

Senator Casz. Mr. Chairman, this morning we had some testimony 
which you weren’t privileged to hear from four generators people of 
Trenton, N. J. And our witness there suggested that what was the 
equivalent of a breakthrough was achieved by the employment of 
certain standard units that were already in production. 

But by a combination of them and by virtue of a special heat trans- 
fer surface, they were able to get a significant economy in output. 

Now, I am not sure when we look at a process and we say this is a 
pilot plant merely because it proposes to employ something which has 
not been made on standard patterns, whether we aren’t just crippling 
ourselves here by semantics. 

If a breakthrough can be achieved by taking a combination of units 
which are in standard production and by using them in the sizes at 
which they are available and have demonstrated capabilities, we get a 
much larger plant. But by the nature of the combination we achieve 
a breakthrough and we ought not to be foreclosed from considering 
that type of a plant either. 

Senator Anperson. I agree thoroughly. That is why I wanted to 
have the Secretary express himself. Because if it is his feeling—and 
I have no question of bie right to feel that way—because there is some 
history that is pretty compelling—but if it is his feeling that linking 
together four units of a device in order to get up to where you can 
test it takes it out of the pilot-plant stage and puts it into the demon- 
stration stage, then we have to bork new legislation. 

Because that is what. you have to do next. That is the one thing 
that has got to be done next if we are ever going to learn anything 
about this process. 

As long as we stay in a little hand meat grinder, we are never going 
to find out what can be finally worked out. 

And I do think that the proposal that Senator Case is interested 
in—we would like to find out what would happen if we fed a million 
gallons to this. 

Mr. Jenkins said we have helped nurse this along. I don’t question 
that too strenuously, but I say to you that one little unit put on the 
back of a trailer of some kind that runs a few hours at Miller, S. Dak., 
doesn’t give much answer to the Senator from South Dakota, who 
would like to know how you can change the brackish water in the 
State. 





SALINE WATER CONVERSION 177 


And we would like to see somebody plunge in now. I am-just 
trying to find out before we get this hearing closed whether we do 
have to have legislation. Because if we do have to have it, then the 
Senator from South Dakota and'I are going to have to stand on the 
floor of the Senate and say we have to have it because. 

And that is the reason. 

Now, you have answered the Ionics membrane part here. 

What about the situation with Dr. Badger with which you are 
familiar? Hehasa plant at Harbor Island. You were here | believe 
yesterday afternoon when he testified that he was not alarmed. He 
believed he would solve the problem of scale and he believed he would 
solve several other problems and he believed he would go ahead and 
build one up to this size of a million gallons. 

He said frankly that wasn’t going to give him a cost of 30 cents. 
It was going to give him a cost of maybe, 90 cents. But it was going 
to give him a step in the right direction. 

He was very sure he could go ahead and do it. Then came Mr. 
O’Leary of Maxim Silencer who built some things and he said we 
know what we have. We know what we can do. We are sure of it. 
And he had, as I remember it, a figure of about 88 cents for the same 
sort of a general operation that Dr. Badger had 90 cents for, indi- 
cating at least there was some harmony in their viewpoint that a very 
forward looking step might be taken in this field looking toward a 
final plant someday that would produce this at low cost. 

Now, another thing that struck me as very much worthwhile was 
that if such a plant were to be built, let’s say with one process on the 
Pacific coast and another plant with another process to be built maybe 
in the northern part of the eastern coast, and a third process that 
Jooked promising might be built in the southern part of the eastern 
coast, or something of that general nature—so that we have different 
kinds of them—it did strike me that people who were interested in 
this might visit those various plants and see how they were coming. 

You might go to Los Annelise or New York or some other place 
and take a look at one of these plants and might become interested. 
Scientists have a funny way of looking at these things and saying “I 
can improve that.” Then we began to make headway. 

What do you think about the other plants? The Badger plant? 

Mr. JENKINS. We not only feel that the Badger long-tube vertical 
plant shoulu be put into a large pilot plant stage of about a million 
gallons a day, perhaps as the next step. We are actually planning 
to do that under the present program. 

Senator Anperson. That you think is a pilot plant, a million gallons 
a day ? 

Mr. Jenkins. Yes, sir. 

Senator AnpErson. Do you agree with that, Mr. Secretary ? 

Mr. AanpauL. Yes;I do. lam very much interested in seeing that 
next step taken which involves about a million-gallons-per-day pro- 
duction. And I am thinking of it as not only limited to the Badger 
plant but any other plant that seems equally promising. 

Senator Anverson. I am not trying to limit the Badger plant either. 

I am using that only because we were both familiar with what we 
were discussing. 
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Have you had any indication from the Appropriations Committee 
of either Senate or House, as to whether they consider that size a 
pilot plant? Have you been up before them and presented such a 
su, ion? Have you had any comments from them ? 

r. Jenkins. Yes. There has been no objection there as far as 
the oo which we have made which have been for the engineering 
wor 

Senator AnpErson. The engineering work. I don’t want just engi- 
neering work. I want to build it. 

Mr. Jenxtns. There is remaining in our present authorization 
enough money to build that 1-million-gallon plant of Badgers if we 
use a major portion for that purpose. 

Senator j Yoana Yes. But you see we don’t use the same lan- 
guage. You say there is enough money in the authorization. I want 
to know how much money is there in the appropriation. 

Frankly, you just can’t eat the authorization at all. You have just 
got to have the money shoved at you in the appropriation bill. 

Mr. Aanpaut. I think, Mr. Chairman, I can say that the record 
indicates that we have had some difficulty in getting appropriations 
even for the small pilot-plant operation. 

Senator Anperson. I agree. 

Senator Casr. In the plant of the type we had presented this morn- 
ing, it was suggested that a 16-million-gallon-per-day plant was the 
one which by the nature of arrangement and by the utilization of cer- 
tain standard items achieved what was the equivalent of a technical 
breakthrough. Would you say that if that assumption is correct, that 
that would be a pilot plant? 

Mr. Aanpaut. I would have to look at that a second time. 

Senator Anperson. Yes; thatisfine. I mean, I want Senator Case’s 
question answered. And will you submit for the record after you have 
had a chance to consider it and had a chance to go back and look at the 
material upon which his question is based, an answer as to whether 
you think that could be done within the pilot-plant language we now 
have? I don’t want to crowd you. 

Mr. Aanpauu. Which process are you referring to? 

Senator Casr. The one referred to by Power Generators of Trenton, 
N. J. He presented it in some detail. And it is presented in here. 
But this sentence illustrates : 

The attainment of economic saline-water conversion requires a major technical 
breakthrough. A 16-million-gallon-per-day, PGI plant in figure 2 is based upon 
a new thermodynamic concept. 

T asked him at one point whether or not that could be in a smaller 
unit. And he said, you lose part of the advantage of using these 
standardized pieces of equipment. 

Mr. AanpAnt. Do you have an estimate of cost of that ? 

Mr. Larrecg. We have an estimated cost as of now based upon the 
16-million-gallon-per-day plant which is $1.05—— 

Senator Anperson. I mean total cost. 

aie Larracg. About $25 million for the 16-million-gallon-per-day 
ant. 
5 Mr. Aannant. The answer is: We definitely need changes in our 
authorizing legislation to proceed in that way. 
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Senator Anprrson. My point in the question, Mr. Secretary, is this: 
We have not tried to choke anybody off from making an expression of 
opinion in this hearing. Yet, if we got to the floor of the Senate and 
somebody stood up and said, “Well, here is a letter from the Depart- 
ment of Interior saying they can do all the things you want done 
within the present framework of the existing legislation; why do you 
need the new legislation ?” 

It struck me we had better amplify this a little bit and examine this 
point. 

Mr. Aanpaut. I am sure you understand, Mr. Chairman, that our 
position has never been that we can do everything that you might have 
in mind or other members of the committee might have in mind. In 
my paper I outlined certain steps that I thought were very important 
in proceeding with our work on the saline-water program. As far as 
those steps I outlined were concerned, I felt we could do them quite 
well under the present authorization. 

Now, you may have a program that goes somewhat beyond that. 
And I don’t want my statement to be interpreted for a moment as being 
that we can do everything under the present authorization that you or 
the other committee members may have in mind. 

Senator Anperson. Yes. Well, you may recall the letter that you 
signed which you sent on February 4, 1957, which dealt with the 
Virgin Island situation. And in that letter you brought out that Mr. 
Aspinall had raised in the House that restricted and forbade the 
building of such a plant in the Virgin Islands by the demonstration 
terms. 

I don’t quarrel with what you said. 

Mr. AanpAut. Yes; that was interpreted entirely as a demonstration 

lant. 
: Senator Anperson. Yes; which it is. But when you get up to 16 
million gallons it is a production plant pretty closely. It is a 
small one. 

Mr. Aanpanu. You are getting into a plant of the size and the 
amount of money involved that goes beyond anything we have in our 
present authorization. 

Senator Case. I would like to ask the same question, but approach 
it from aslightly different angle. ‘ 

Mr. Secretary, would you feel that without additional legislation 
that you are under any compulsion either directly or indirectly under 
present law to present to the Bureau of the Budget, defend there, and 
to defend before the Appropriations Committee of the Congress, a 
request for funds to acquire or create plants of the type that the 
chairman has been discussing ? 

Mr. Aanpantu. Well, I have rather felt that the appropriation au- 
thorization of $10 million is really a goal that we should work toward. 
That is, we should do the best possible pilot-plant testing and experi- 
mentation and research that we could with the expenditure of the full 
$10 million. I think the Congress definitely felt we should do that 
much. 

And we had that in mind when we prepared the 1958 budget asking 
for $1,159,000 which was approximately the annual pro rata share of 
the total amount of money. It was slightly less, but we expected that 
we would get the peak of expenditure a year or two later. 
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In 1959 we didn’t go quite that far because we were preparing our 
budget under 6 or 7 months ago, a somewhat tighter budget situation. 
Senator Case. Did you contemplate in the preparation of either 
the 1950 or 1959 budgets, or would you propose now in development 
of your 1960 budget, to ask for and defend plants of the size the chair- 
man has been describing without the support of additional legislation 
and a recommendation from the committee in the form of committee 
reports / 

Mr. Aanpaut. I would say that the starting point in the Office of 
Saline Water, and in my position as Assistant Secretary, would be to 
try to get the annual pro rata amount of the remaining $10 million in 
the next appropriation. 

And the larger pilot testing operations, as I see them, would be in 
the range of about a million gallons per day. 

Now: I am not sure how far we would be able to go with that stand- 
ard of appropriation request. It would have to be harmonized with 
the wrtentbendanh problem. But as far asa starting point in the Office 
of Saline Water and in my position as Assistant Secretary, that is what 
we would start out with as our goal. 

Senator Anperson. I only want to say, Mr. Secretary, that while I 
recognize it has to be harmonized with the overall budget program, 
I do remember that I recommended a great deal more money for re- 
search on agricultural products when I was in the Department than 
was generally requested or even granted at that time. I tried to point 
out that unless we found new uses for certain agricultural products 
we would have surpluses in the next few years. 

I have lived to see those surpluses. 

Now, if we don’t find some way of supplementing our present water 
supply, the State of California—Mr. Harvey Banks is here—will tell 
you that it has got $11 to $12 billion worth of projects that it is going 
to be interested m some of these days. 

If we solve some of these problems I believe we might eliminate 
some of the necessity for some of the development of water that Cali- 
fornia now visualizes. 

They may need it all when they get through. But certainly we 
could have some money that, we will spend in perhaps expensive irri- 
gation projects if we had the availability of unlimited supplies of 
sea water that lie right beside these great metropolitan areas. 

Would you, in view of all this discussion, review this part of the 
hearing again before we print our final hearings and submit for the 
record any comments you have to make on these questions of expendi- 
tures and any softening of the words that you have with reference to 
Senate Joint Resolution 135 and the bill of Senator Case, if you do 
believe at some later date that a million gallons a day might be 
required / 

Mr. Aanpauy. May I comment that I didn’t interpret those words 
as being very rough. 

Senator Anperson. I didn’t either. 

We are not far apart. You are as anxious to help this program 
along asI am. And, Secretary Seaton is also very anxious to help it. 

I am worried, frankly, Mr. Secretary, that someone may find that 
language in the report and misinterpret your motives and the motives 
of the Secretary of Interior. Whereas if we did recognize, as some 
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must feel, that 2 or 3 plants of a million gallons a day capacity may 
be constructed and alight make very, very advantageous contributions 
to the whole program ‘and that in the situation of Senator Case where 
he has a very deep desire to do something on this brackish water situ- 
ation and in which I join him, that there we might want a plant of 
sufficient size operating continuously over such a long period of hours 
that it becomes almost a demonstration plant but not a pilot plant 


and we wouldn’t want you to run afoul of the previous discussions 
taking rte on the part of C ongress. 

Would you, therefore, review the entire situation from that stand- 
point and see if you can give us any additional testimony. 

Mr. Aanpaut, I will be very glad to do so. And even at the mo- 
ment I want to call your attention again to the last paragraph of the 
letter reporting on the bill. Which does not entirely foreclose the 
possibility of some 

Senator ANperson. No. 

Senator Case. I think it offers enough encouragement. 

Senator Anprerson. I want to give you a fine chance to assert all 
your fine motives. 

(The following communication and statement was subsequently 
received :) 

LETTER FROM THE DEPARTMENT OF THE INTERIOR 


DEPARTMENT OF THE INTERIOR, 
OFFICE OF THE SECRETARY, 
Washington, D. C., March 28, 1958. 
Hon. CLINTON P. ANDERSON, 
Chairman, Subcommittee on Irrigation and Reclamation, Interior and 
Insular Affairs Committee, United States Senate, Washington, D. C. 


Deak SENATOR ANDERSON: In accordance with your request of March 21 at 
the close of my appearance before the Senate committee hearing relative to the 
saline water program, I have reviewed the situation again and wish to submit 
the enclosed statement which I will be very glad to have you make a part of the 
record. 

Sincerely yours, 
Frep G. AANDAHL, Assistant Secretary. 


Review STATEMENT ON SALINE WATER PROGRAM BY FRED G. AANDAHL, ASSISTANT 
SECRETARY, DEPARTMENT OF THE INTERIOR 


In response to Senator Anderson’s request, I reviewed the entire situation 
relative to pilot plants and demonstration plants for the saline water conversion 
program. In addition to the transcript of the Senate hearings and our informa- 
tion in Interior, I spent the entire day of March 25 with the Secretary’s Advisory 
Committee on Saline Water Conversion. There were six members present with 
broad technical background and representing areas from coast to coast. 

It is apparent that during the past few years outstanding achievement, both 
under the Federal aid program and privately, has been made in developing 
processes for saline and brackish water conversion. 

The Office of Saline Water, in addition to conducting much basis research, 
has placed a few processes under initial pilot plant testing. These tests have 
been most encouraging. 

As the Senate committee apparently so well recognizes, the public interest 
and the urgent need for water in some areas direct that this promising outlook 
be expeditiously carried through to fruition. 

The immediate need, as I see it, is to put more of the promising processes 
under initial pilot plant testing and a few of those that respond the best in 
larger followup pilot plant testing. Some processes will require fairly large 
plants for the initial test. 

Pilot plants are basically to explore, to test, and to uncover methods of im- 
provement. In the more advanced stages, however, they carry an appreciable 
amount of demonstration value. I would like to see the plants built under 
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the Department’s program continue to be called pilot plants. I think such 
designation is more descriptive of our present task and the connotation to the 
public more in line with what we should be doing. 

The existing legislation authorizes us to proceed with this program, although 
it must be recognized that both the money and the time limitations of that 
law would soon be inadequate to continue in the larger pilot-plant work. 

If it is the decision of your committee to give greater impetus to and accelerate 
larger size testing of processes in the saline-water program by legislation such 
as Senate Joint Resolution 135 or S. 3370, I wish to make the following sug- 
gestions: 

1. The plants be called pilot plants. 

2. The law authorizes plants instead of 1 or 2 plants. (Several 1-million- 
gallon-per-day plants might be much more helpful to final accomplishment than 
two 5-million-gallon-per-day plants or one 10-million-gallon-per-day plant.) 

8. Provision for administration as well as construction and operation of the 
plants should be stated in the act. 


Senator Anperson. I have a wire from Badger Manufacturing Co., 
of Cambridge, Mass., that they will file a prepared statement and 
submit it by mail. I understood that Mr. Sandell, of the Carrier 
Corp., is also filing a statement to be printed in the record. 

(The statements referred to are as follows :) 


STATEMENT OF JOHN J. CAMPOBASSO, BADGER MANUFACTURING Co. 


I appreciate the opportunity afforded me to present a few remarks in support 
of Joint Resolution 135, providing for a full scale demonstration plant for the 
conversion of sea water to fresh water. 

The Badger Manufacturing Co., with whom I am associated, has been a lead- 
ing producer of sea water distilling apparatus for many years. In addition to 
the production of several thousand standard vapor compression, distilling plants 
for both shipboard and land based use, this compnay has devoted considerable 
time and energy to research and development work intended to improve the 
quality and widen the scope of this type of equipment. 

Currently our research work is progressing in several fields among which are 
improved types of vapor compression distillers for atomic submarines; improve- 
ments in low pressure, flash type evaporators; a development of the Badger- 
Hickman rotating evaporator; and research and development in the low tem- 
perature, recirculation, vapor compression type. The three latter types are all 
destined to play an important role in the desalting of sea water in quantities 
such as would be required for municipal, industrial, and agricultural use. 

Based on present knowledge of sea water conversion methods, a full scale 
demonstration plant as outlined in Senate Joint Resolution 135 can be success- 
fully constructed and operated. Full scale sea water conversion plants are 
now in operation in other parts of the world, some having a capacity of as much 
as 1 million gallons per day. 

Such a plant constructed in this country at this time would serve to demon- 
strate the excellent progress made in the research and development phase of 
this program during the past several years. A full scale plant is now essential 
to the continuing progress of this work because it would serve to help solve 
many technical and operational problems as well as serve as a yardstick to 
realistically measure costs of producing fresh water from sea water. No one 
will deny the need for this information since we have all run into estimates 
of cost of water that vary from 20 cents to $1.50 per thousand gallons. The 
construction and operation of this plant in a water shortage area would repre- 
sent a great advancement in this field and we favor enactment of this proposed 
resolution. 

However we wish to advise that this does not represent a major break- 
through in our quest for a solution to the overall sea water conversion problem 
and we feel that considerable basic research must still be undertaken before this 
most important task can be completed. 
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STATEMENT OF Dewey J. SANDELL, Director oF RESEARCH, CARRIER Corp. 


In reply to your invitation to representatives of industry to attend this hear- 
ing and to present views of an active program to meet economical demonstration 
goals for the three outlined objectives, I am privileged to express our general 
feelings and questions on the approaches to the saline water conversion problem. 

First, and most importantly, I should like to acknowledge the program being 
sponsored by the Department of the Interior and administered by the Office 
of Saline Water. The objectives are sound and progress is according to their 
long-range plan. Projects are approaching quite rapidly the stage in develop- 
ment where a logical evaluation can be made. The major criteria of their pro- 
gram are to find and develop processes which have not only a technical feasi- 
bility to convert saline or brackish water to fresh water but also possess an 
economic potential of performing this operation at a cost that is competitive or 
practical for utilization by industries, metropolitan areas, irrigation, etc. The 
technical fundamentals involved in most processes under investigation today are 
old, however the actual costs for their utilization have been too high. There- 
fore it is advantageous to conduct vigorously research and development phases 
on the various processes to investigate and utilize new materials, new techniques 
which will improve the efficiency of each process to reduce the costs of the 
product water. 

This approach is basic to most research and development programs. It follows 
a standard pattern and logical progression. 

(1) Preliminary investigation, analyses, and literature review of proposed 
ideas ; 

(2) Design and fabrication of experimental apparatus to determine technical 
feasibility ; 

(3) Development of a laboratory working model; 

(4) Design of pilot plant ; 

(5) Construction and test of pilot-plant operation. 

Concurrent with steps 3, 4, and 5 above are conducted continuous economic 
-and technical evaluations of the process. If the results show promise, the next 
step is begun; if not, modification or new ideas must be developed or the project 
dropped. Our definition of a pilot plant is a scale of operation which provides 
results indicative of performance of a system in its actual commercial applica- 
tion. 

(6) Design, fabrication, and operation of a production scale plant. 

The developmental progress on the conversion program has followed these 
steps. If specific applications for saline or brackish water conversion do not 
include the necessity of low cost (below $1.50/1,000 gallons) it is certainly 
feasible to assemble a refinery for large production capacities now. Several 
such installations have been or are in process of being constructed in areas of 
critical need. Demonstration has been established but not at a promising 
competitive cost. 

A second point which is related to the objectives, approaches and timing of 
any saline conversion program implies the need for answers to a number of 
questions or review of present status. What is the major need for additional 
water supplies? Where? Their urgency? What is a competitive cost? Are 
-electrical or heat energy sources available? Answers to these questions might 
well indicate parallel long- and short-range approaches to be needed to solve 
the problems. 

Third, a method to accelerate the rate of progress in the processes under in- 
vestigation is to provide additional funds for pilot plant evaluation of those that 
show promise of meeting the major objectives. Only after results are obtained 
from these pilot plant operations can the true economic evaluations and com- 
parisons be made for selection of preferred processes to meet specific require- 
ments. Such pilot plants should be of large enough capacities to enable good 
educated guesses to extrapolate costs to production facilities. At this point I 
should like to remind the subcommittee of a quite similar technical progression 
of developments—the field of commercial utilization of nuclear power. In the 
very early stages of development of reactor designs, optimistic estimates indi- 
-cated competitive power costs would be available from nuclear reactor designs 
within 3 to 5 years from an active construction program. Actual experience, 
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however, has resulted in costs which are 2 to 10 times those estimated. Now a 
retrenching is in progress with accelerated effort on research and development 
projects to improve the technology and its application to enable improved effi- 
ciencies, and thus economic compatibility. 

Lastly, we would recommend a continuous, careful evaluation of estimated 
costs for each of the processes under investigation. This relative measure will 
assure no overoptimisim at too early a date, and also separate out those activities 
which do not show promise of meeting the objectives. The standard form of 
the Office of Saline Water is a step in this direction. 

Summarizing, we urge a review of the objectives of the saline water conver- 
sion program. If there are urgent needs to fulfill immediately a production 
requirement which will not be influenced by low, competitive costs, then selec- 
tion can be made of plants which are available off the shelf and have demon- 
strated their technical feasibility. If the twofold objectives of economic as well 
as technical feasibility remain utmost in consideration, then increased funds 
should be made available for the progression of R. and D. steps through pilot 
plant stages. At this stage, selection of the better processes can be made for fur- 
ther exploitation to meet specific production requirements. 

It appears evident that the first 2 specific areas of the 3 approaches outlined 
for this hearing are vitally dependent upon economic compatibility and, although 
the need is quite urgent, any process chosen for demonstration must have pro- 
duced the results from pilot plant operations to assure successfully meeting the 
objectives. If not, the future program and progress could easily be decelerated 
instead of accelerated. 

Attached for your information is a brief description of the carrier direct freez- 
ing process. Our present status involves the design of a pilot plant. It is net 
in a position to be a candidate for a multimillion-gallon-per-day production 
facility today. However, we feel it has real potential for the future, and after 
pilot plant evaluation will be a strong competitor for the saline water conversion 
requirements. 


CARRIER DIRECT FREEZING PROCESS FOR CONVERSION OF SALINE WATERS 


Our process, as simply shown on the attached schematic, depends upon the 
basic principle that a saline solution can be separated into its individual com- 
ponents by decreasing the temperature of the solution sufficiently to provide par- 
tial freezing. For sea water, a reduction in temperature to 28° F. will yield a 
mixture of ice crystals and concentrated brine. Fresh water is obtained from 
separation of the crystals from the brine and melting them. The minimum energy 
requirements to freeze a pound of ice at 26°—28° F. is 150 B. t . u. as contrasted to 
1,000 B. t. u. to vaporize a pound of steam from saline water. In order for the 
freeze process to take full advantage of this 1: 7 ratio, it is essential to keep heat 
losses and actual energy requirements for freezing and separation processes as 
near to the minimum as practical. 

A brief description of the direct-freezing process with reference to the 
schematic will provide an explanation of its potential to meet the economic goal, 
namely $0.50-$1.00 per 1,000 gallons, established by the United States Department 
of the Interior. 

This freeze-separation process uses a simple and novel method of refrigeration. 
Sea water (35,000 parts per million) that has been precooled (1) is sprayed into 
an evacuated chamber (2). In this direct freezer, a small quantity of water is 
evaporated. The evaporation extracts heat from the saline solution-and causes 
ice crystals to form. The slurry of ice and brine is pumped (3) to a separator 
(4). The water vapor which results from the flashing of the solution upon entry 
into the evacuated (3.4 millimeters mercury pressure) direct freezer is com- 
pressed (5). The discharged water vapor is condensed to water on the ice 
surface at the top of the separation column (4). An alternative to the com- 
pressor is an absorption system to remove this water vapor. The water can then 
be recovered by separation from the absorbent. 

Due to the density relationships of ice and brine, the ice floats to the top 
of the gravity separation column (4) while the concentrated brine is pumped (6) 
through a heat exchanger (1) back to the sea or waste. Since brine adheres to the 
surface of the ice crystals, a small amount of fresh water is added at the top of 
the separation column to provide counterflowing washing of the ice as it floats up- 
ward within the column. The product ice is melted at the top of the column 
and pumped (7) through a heat exchanger (1) to storage. 
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The process has been experimentally evaluated on the basis of a 300-gallon- 
per-day fresh-water capacity at the Carrier Research Laboratories, Syracuse, 
N.Y. The work has been done under contract to the Office of Saline Water, United 
States Department of the Interior. At the present time, we are performing a 
design study for a pilot-plant facility to produce 10,000—-25,000 gallons per 
day, utilizing the direct-freezing process. 

The cost to produce fresh water by this process from sea water and brackish 
water has been estimated, using the standard procedure of the Office of Saline 
Water. On the basis of extrapolation to a 100,000-gallon-per-day capacity, it 
appears feasible to obtain the fresh water at an operating cost (energy, amortiza- 
tion, taxes, interest, etc.) of approximately $1 per 1,000 gallons. Guesstimates 
have indicated at greater capacities (approximately 10 million gallons per day) 
the operating costs may be reduced to within the range desired by the program 
objectives. 

Until pilot-plant operations give results from actual runs on a basis of con- 
tinnous, larger capacity productions, it will be extremely difficult to evaluate or 
contrast the technical and economic feasibilities of the several conversion pro- 
cesses which are under investigation to provide fresh water within a range of 
costs competitive to natural-water supplies. 


Senator Anperson. We will finish the hearing this afternoon and 
I will sit long enough to accommodate all the witnesses. 

Senator Case has just referred to this presentation by Power Gen- 
erators, Inc. He has called my attention to the summary which makes 
a fine statement. 

By virtue of the successful demonstration of a unique heat-transfer surface, 
as also by virtue of the employment of the latest type prime mover within an 
optimum thermodynamic framework: it is now, for the first time possible to 


envisage economic desalinization of sea water and economic reclamation of 
potable waters from industrial and municipal effluents. 
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As we go on and continue to work with this, we continue to get 
encouraging statements that lead us to believe that industry thinks 
this is possible and I think it is possible and we are glad to have the 
encouragement. 

Our next witness is Rolf Eliassen, consultant of the New York City 
Water Authority. 

Weare glad to have you with us, Mr. Eliassen. 

You may proceed with your statement as you wish. 

The statement itself will be incorporated in the record. But I 
suggest that you emphasize what you want by highlighting portions 
of it rather than reading it all. 


STATEMENT OF ROLF ELIASSEN, CONSULTANT, NEW YORK CITY 
WATER AUTHORITY, CAMBRIDGE, MASS. 


Mr. Extassen. Thank you, Mr. Chairman. 

I am going to confine my presentation to a construction of a full- 
scale demonstration unit using this ionic membrane process because 
Ihave done work on that at MIT. 

Iam familiar with what they have done. 

I should say I am a sanitary engineer concerned with water supply 
particularly, research and teaching on that. We have done quite 
a lot of pilot-plant work on these things. And I might say that I am 
not talking about a pilot plant. Iam talking about a full-scale demon- 
stration plant of about a million gallons a day or so. 

We ordinarily think of a pilot plant as something small that we can 
manipulate and find out certain things with it by changing this, that, 
or the other thing. But this we are trying to do to prove costs and 
demonstrate that it will work and to find out on a large scale. 

There are so many things engineers cannot get from small pilot 
plants when they start finding out costs. 

Now, the significance of saline water to me is extremely important 
because more and more we are going to have to rely on that. I have 
included here two of the finest things that have come out of this sur- 
vey. I was glad to see out of this saline water program these surface 
water supply areas which have very high salinities. 

You will notice they are confined mostly to the Dakotas and to 
Oklahoma, Texas, New Mexico, and Utah. And then you find them 

in—well, there is only one little note there on the side opposite 
Cheeapeake Bay. It says: “The volume of saline water in coastal 
areas is virtually unlimited.” 

“Almost unlimited,” it says. 

Figure 2 shows the wells that have disclosed saline waters. And 
you will find them almost all over the United States. These dots, 
circles, and numbers. So that there is no question about where this 
is to be applicable in the future. 

It is going to be useful. And the point I would like to bring out is 
that the Department of Commerce has made a survey of the future 
water supplies. And within the next 25 years they claim that we 
are going to have to go from 160 billion gallons per day to 315 billion 


lions a day. 
P Meiater aise. Practically double. 
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Mr. Eniassen. Yes, sir. And where are we going to get that 
water? That is the question. And it seems to me that these addi- 
tional supplies have got to come from some of these brackish water 
sources as well as from the development of many of the other supplies 
not now developed. But to double our water supply for irrigation 
public and industrial uses, we are going to have to look into many of 
these methods. 

Methods have been looked into, I must say, on a pilot-plant basis. 
We have got to prove costs, prove the thing on a large demonstration 
basis. 

Senator Case. You think the large demonstration basis will pro- 
duce what result that we do not get from the small pilot plants ? 

Mr. Extassen. We shall have the engineering of this plant. The 
units will be larger than those presently used. But the actual engi- 
neering costs, the process control, the cost, let us say, of membrane 
replacement—we don’t have those figures now on these larger units. 
We don’t have—for the smaller units, the piping, the pumps, motors, 
and things like that, they are almost the same. 

We call it hardware. It is about the same as it would be on a 
larger scale. But you have to find out by working this how does 
it do this. I happen to be chairman of the committee of the Amer- 
ican Water Association on the water conditioning and corrosion con- 
trol. And one of our jobs is to find and to prove these newer devel- 
oped methods to the waterworks there and to either disclose that 
they are no good or that they are very good. 

But the waterworks profession is by nature very cautious. Some 
say they are lethargic. But that is not true. Their responsibility 
is too great on producing potable water for their consumers day in 
and day out. They can’t afford to experiment too much. 

Now, they will accept something if it has been proven on a demon- 
stration scale, not on a small scale. 

I mean have confidence in design, the process control, the operation, 
the maintenance costs and the quality of the water produced. Those 
are the things which we must show in a method of this type. 

Now there are other sources—one thing that a lot of the water- 
works press says, is that this is applicable to a small section of the 
country. That is not true, as I showed on these maps which the Bureau 
of—rather the United States Geological Survey produced. Because 
I happen to be a consultant—member of a board of consultants of the 
Board of Water Supply of the City of New York. We have tapped our 
last mountain source there now. And we are starting to look for 
other means. 

— an assignment now from the chief engineer to find out what 
to do. 

We abandoned—I was in on a court case there abandoning a supply 
of 30 million gallons a day within the city of New York because it 
was too brackish. People didn’t want to drink it. We couldn’t afford 
to give up 30 million gallons a day because they had water-conservation 
programs—bathless Thursdays they used to call them in the news- 
papers, to try to conserve water. but still it is true there, it is true 
in Atlantic City. It is true in many other parts of the country where 
we can get both the surface and ground water supplies. 


23642—58——13 
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There are a number of sections in the country then that this would 
be applicable to. Engineers are going to be forced to adopt these later 
and better demineralization techniques. 

Senator Casz. Your observation growing out of your experience as 
chairman of this board of consultants-— 

Mr. Extassen. I am not chairman, I am a member of the board. 

Senator Case. Would you say this problem is not one just of the 
west coastal cities, or of the inland areas, where they have brackish 
waters but, is also a problem of the larger cities in the East? 

Mr. Extassen. Very definitely there are a number of places where 
we have that situation of brackish water. On Long Island the places, 
the biggest consumers of water were Long Island. Around the Hous- 
ton, Tex., area is another big area where salt water encroaches. 

Senator Casr. If you had had a solution to this problem of saline 
water, would you have been able to recommend perhaps against the 
abandonment of this saline supply of 30 million gallons that New York 
City had to give up? 

Mr. Extassen. Yes, sir; I would have. Asa matter of fact yesterday 
the chief chemist was in my office at MIT. We were discussing this. 
Because they just shut down some other wells for the city of New York. 
They are cleaning out a big pipeline from the Catskills. They have 
to use their well supplies and people don’t like the taste. They are used 
to the others. 

And I am going to make a study to try to make them cognizant of 
it now. I might say that for the very immediate future the problem 
has been solved because they have just put ina new dam. But looking 
ahead, they are going to catch up with us before too long. That is our 
problem—looking ahead. 

There are a number of things that the waterworks profession already 
knows. We do know that this Ionics membrane process has shown 
itself to be absolutely the cheapest process for the securing of brackish 
water, not for sea water, but for brackish water. The cost figures are 
down in the range below 50 cents or around there. That has been 
proven already. 

I think that other economists can come out of this proof. I think 
also that the waterworks profession would follow a demonstration 

lant with a great deal of interest and would, of course, give it pub- 
icity which it should have so that the people would know about it. 
Not only this, but any evaporation plant or any other thing like that. 
Because we, in our water resources division, have been considering 
time and time again, new sources of water, how are we going to make 
up for the increasing demand and decreasing surplus of the water 
supplies? 

ne other thing to finish up here was consideration. 

One of the big power companies out West and also we, are going 
to study this for New York, was this sheet that I had here made up for 
figure 3, there. 

The gentleman who preceded me had a nuclear powerplant which 
had distillation. Well, a steam powerplant can also be used for 
this—and also of course is used. Now you can bleed off low pressure 
steam for multiple effect evaporators. That is what is meant to be 
shown there. But you are better off if you can produce steam and 
use those evaporators at a constant rate to get maximum efficiency. 
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But the powerplant as you know, they have the peak load, comes in 
the middle of the night—6 to 10 or so—and you have offpeak power. 
Now that offpeak power could be used for the generation—that steam 
could be used to generate electric power which in turn could be used to 
extract water, fresh water, from brackish water, while the other one 
worked on sea water. 

I have just shown one schematic thing here. This is somethin 
that the Virgin Islands could do if they needed power, if they reaaed 
water to operate their powerplant at maximum effectiveness all the 
time; to operate the evaporators at maximum effectiveness; to use 
the surplus power for demineralization by this electrical method. 

I have a few conclusions here which I should like to read very 
briefly. 

Evidence is plentiful and irrefutable that a tremendous growth in 
demand for irrigation, public and industrial water supplies will take 
place during the next two decades. 

Two: This demand will force water users to tap the vast sources 
of saline waters in this country. The same holds true for many other 
parts of the world. 

I might also add that as they tap those saline water sources their 
concepts of cost of water is going to go up some. Now, we are seek- 
ing the cheapest sources of water. But the cheapest have been used. 
We have got to goa little higher in our sites. 

Three: The lonics membrane process here is a combination and 
engineering reality on a small scale. I have seen it myself. 

Four, Before being widely accepted as a logical answer to the 
saline water usage problem, by the engineering profession, and water 
authorities, the process must be proven by a full-scale plant in the 
million-gallons-per-day range of capacity. 

Five: To me, this Senate Joint Resolution 135 is a rational proposal 
for proving this process—proving it in the manners that I have de- 
scribed cost wise, engineering wise—and eventually making it available 
to solve the critical water shortages which lie ahead for this country. 

Six: This joint resolution attacks a problem which is desperately in 
need of solution, namely, how best to make available the vast saline 
water resources of this country. 

Seven: To me the immediate present is the time when a full-scale 
demonstration plant of this Ionics membrane process should be con- 
structed and operated, because the answers which the plant will fur- 
nish are needed right now. 

It is going to take 2 to 5 years of data to sell the engineering water- 
works profession on any process which we are developing. 

Eight: For the next 20 years, public-works construction programs 
will be carried out in order to get a doubling of our water-supply fa- 
cilities. 

The need for effective means of increasing the water resources upon 
which public-works engineers can draw is of paramount importance to 
the economy of this country. 

Senator Case. Thank you very much, Mr. Eliassen. Your full 
statement will appear in the record. And we will attempt also to 
reproduce these maps that you presented. 

I think that you have made one point which needs to be recognized. 
And that is that before the people who are in the waterworks business 
can accept the responsibility of making recommendations to munici- 
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palities or other water districts with respect to plants that they need 
to have plants in operation of a size that will give them the operating 
experience as well as design costs to warrant a municipality going 
ahead with financing that would be necessary to put in such a plant or 
adapt it to a particular community’s needs? 
r. Ex1assen. That is correct. 

Senator Cass. Thank you very much. 

(The maps referred to were unsuitable for reproduction and are on 
file with the committee for reference purposes. ) 

(The statement referred to follows :) 


PREPARED STATEMENT OF ROLF ELIASSEN, CONSULTANT, NEw York CITY WATER 
AUTHORITY, CAMBRIDGE, MASS., ON THE SALINE WATER PROBLEM OF THE UNITED 
STATES 

I. GENERAL BACKGROUND 


A. Joint Resolution 


This presentation will discuss Senate Joint Resolution 135 introduced in the 
Senate of the United States on January 9, 1958, by Senator Clinton P. Ander- 
son of New Mexico. Further, this presentation will discuss the need for and 
advantages of constructing a full-scale demonstration using the ionic-mem- 
brane process for the demineralization of saline or brackish waters for ultimate 
consumptive use. It should be stated from the outset that the writer believes 
that this joint resolution is a rational approach to a serious problem which this 
country must face right now. 


B. Significance of saline water 

The saline water conversion program of the Department of the Interior which 
resulted from hearings before this Committee on Interior and Insular Affairs 
in 1951, has attracted the attention of economists, governmental agencies, en- 
gineers, and business leaders throughout this country and many parts of the 
world. Research has been conducted on a broad scale, financed in part by funds 
from the Federal Government, and in part by venture capital, on means for the 
economical extraction of salts from saline or brackish waters. Some of the 
processes have been proven on a pilot plant and relatively small consumptive 
scale. In order to bring this program to the attention of the water works pro- 
fession of engineers, management and governmental authorities, it will be 
necessary to prove the engineering and economics by a large-scale demonstra- 
tion plant in an area where saline water is a problem, and where it exists in 
sufficient quantity to become a reliable source of water supply for consumptive 
use after extraction of most of the salts. 

The existence of vast quantities of saline water reserves has been shown in 
the water supply paper No. 1374 of the United States Geological Survey entitled 
“Preliminary Survey of the Saline Water Resources of the United States.” 
This long paper, which was published in 1957, is a valuable contribution to the 
saline water conversion program of the Department of the Interior and is the 
best general document of the need for considering saline water resources in 
the further development of the economy of this country. Some of the disclo- 
sures will be discussed later in this presentation. 

The increasing sophistication of the industrial economy of this Nation is 
leading to the creation of more saline waters. The writer has been a consult- 
ant to several of the largest chemical companies in the country on matters 
pertaining to the disposal of industrial wastes. It is axiomatic that organic 
matter which will decrease the oxygen supply, give rise to nuisances, and de- 
stroy the fish life of streams, will be removed by chemical and biological methods 
of waste treatment. Research is continually being undertaken to develop more 
effective and economical mans of destroying organic industrial wastes. 

However, most of these wastes also contain mineral salts. It is very difficult 
and costly to remove these salts from waste discharge and as a consequence the 
salt concentration of streams has been building up in many of the industrialized 
areas of the country. It is a matter of known record that the Ohio River Valley 
Water Sanitation Commission has an extensive reporting system to “sound the 
alarm” when the saline concentration of the Ohio River and its tributaries be- 
comes too high for the many water treatment plants which use these streams 
as their only sources of supply. 
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High rates of withdrawal of ground water supplies in communities along 
the Atlantic, gulf, and Pacific coastal areas has made many supplies too saline 
for satisfactory municipal use. The writer is a member of the board of con- 
sultants of the board of water supply of the city of New York. He participated 
in litigation which led to the abandonment of a saline supply of 30 million gal- 
lons per day from wells within the city, just when water shortages were at their 
peak and “Bathless Thursdays” were decreed as a matter of water conservation. 
If a reliable and economic method of water demineralization had been available 
at that time, it would have been possible to reclaim these waters and avoid the 
abandonment of a supply which had been satisfactory for many years but had 
become increasingly saline. The same situation is occurring in other parts of 
the country. 

Thus, the saline water problem is significant from two standpoints: (1) The 
need for tapping the vast resources of saline waters to satisfy the growing water 
needs of many parts of the country, and (2) the threat of increasing salinity of 
many surface and underground water supplies which must continue to be used. 
The need for proving on a large scale that economical and practical methods of 
reclaiming theses waters for consumptive used is at hand, is becoming increas- 
ingly obvious. 


O. Praetical methods of demineralization of saline waters 


I. Distillation —The evaporation of water is a proven means of separating salts 
and achieving a virtually pure distillate. This process has a number of varia- 
tions, many of which have been shown to be economically applicable to sea water. 
It should be recalled that the sea contains only 3.5 percent of salt and 96.5 per- 
cent of water. What distillation does is to work on the 96.5 percent and force 
it away by thermal energy, leaving the 3.5 percent as a residue. Actually, not 
all of the water can be taken off because the sea water is only reduced to a brine. 
As the water becomes less saline, a proportionately greater amount of water 
must be driven off for every pound of solids and the thermal energy required 
per pound of salts becomes increasingly greater. Accordingly, evaporation is 
best adapted to sea water. Cost of evaporation plants range around $2,500 per 
thousand gallons per day of capacity. Water production costs run around $2 
per thousand gallons. Values above and below these have been noted in the 
literature. 

2. Ion eachange.—The cation-exchange principle has been used for many years 
in water softening. This only substitutes sodium salts for calcium and mag- 
nesium, which cause hardness. Modern cation and anion exchangers have been 
developed to obtain complete removal of dissolved salts. Those units require 
regeneration by caustic soda and by acids which may run the costs up very 
high. Plants using ion-exchange principles have been built in very large ca- 
pacities for normally hard waters. However, with saline water, the cost of 
regeneration chemicals becomes very high. Mere softening is not enough because 
it leaves the water more saline than previously because for every calcium ion 
there are substituted two sodium ions. Brackishness to the taste becomes a 
problem, as does the conductivity of the water and its effect on the corrosion of 
metallic pipes. No further consideration will be given this method for the solu- 
tion of the saline water problem in this country in view of the high cost of 
the method. 

3. Electrodialysis by membranes.—The most recent development in the field 
of water demineralization is the process making use of semipermeable selective 
ionic membranes. The important scientific contribution of this process is that 
it works on the salt, or smaller constituent, of the saline water. In other words, 
this process exerts effort on the smaller fraction to pull it away from the larger. 
Theoretically, it should take less work to pull 1 pound of salt out of 100 pounds 
of saline water than to try to pull 99 pounds out and leave the 1 pound behind, 
as must be done with evaporation. This process does lead to economies which 
have been proven on a small scale to cost about $1,000 per thousand gallons per 
day of installed capacity and to produce water at about 85 cents per thousand 
gallons when handling water with 5,000 parts per million of salinity. Greater 
economies are achieved as the water goes down in salinity. The same does not 
hold true for evaporation since there is no difference in the amount of work to 
be done in pulling the water out of the salt environment. An impressive list 
of some twenty-odd installations has been presented to your subcommittee by 
Professor Gilliland, one of my colleagues at MIT. You will have noted that no 
large-scale demonstration plant has been installed. 
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II, INCREASING DEMANDS ON NATIONAL WATER RESOURCES 


Bulletin B. 8. B. 136, published by the United States Department of Commerce 
in 1956, contained projections on the estimated uses of water in this country. 
Some of the values are worth citing to show the tremendous rate of increase of 
the water usage with which this country is faced. For instance, irrigation water 
usage in 1950 was estimated at 100 billion gallons per day, of which 18 billion 
gallons per day was ground water. In 1975 it is estimated that the ground-water 
use will have more than doubled to 44 billion gallons per day and the total use 
for irrigation will have grown to 170 billion gallons per day. Public water sup- 
plies were estimated at 14 billion gallons per day in 1950 and will amount to 30 
billion gallons per day in 1975, with about 20 percent coming from ground- 
water supplies. Finally, industrial and commercial uses will have grown from 
46 billion gallons per day in 1950 to 115 billion gallons per day in 1975. About 
10 percent of this will come from ground water. The 3 categories of irrigation, 
public, and industrial water supplies will have doubled their total demands from 
160 to 315 billion gallons per day in 25 years. Many of the parts of the country 
using water in any or all of these categories are already short of water. Where 
else can some of these additional supplies come from but the intelligent reclama- 
tion of saline waters wh. rever they may be found? 


Ill, EXTENT OF SALINE WATER RESERVES 


A. Surface-water supplies 

Reference is made to Geological Survey Water Supply Paper 1374, previously 
mentioned. To save time, it is only necessary to refer to plate 1 of that paper, 
which is reproduced as figure 1 of this presentation. This figure highlights the 
principal surface-water drainage basins in the United States. The areas of 
observed saline surface water are shown crosshatched. Most of the areas of 
saline surface waters lie in the Great Plains States and in the southwestern 
part of the country, notably Utah, New Mexico, Arizona, and California. 

However, one note on the map at a point near the Chesapeake Bay is worth 
repeating: “Volume of saline water in coastal areas almost unlimited.” Many 
of the tidal estuaries could be used as sources of saline water. For instance, 
the Hudson River at West Point, N. Y., may have a salinity as high as 3,000 
parts per million, but the available quantity would be great. On the basis of 
knowledge available from small-scale plants, demineralization of this water by 
the ionic-membrane process could furnish hundreds of millions of gallons of 
potable water each day to metropolitan New York. The cost of this water 
on the basis of small-scale plant data might be 50 cents per 1,000 gallons. 
Economies of design, construction, and operation which could be proven in a 
large-scale demonstration plant might bring the cost down considerably, well 
within the range of economic reality of 10 to 40 cents per thousand gallons of 
treated water. 


B. Ground-water supplies 

Again, reference is made to water supply paper 1374. Plate 2 of that paper 
has been reproduced as figure 2 of this presentation. This shows the ground- 
water regions of the United States and the location of well fields which have 
been proven in quantity but which yield water of saline quality as shown by the 
notes in the lower right-hand corner. A casual look at this map will indicate that 
saline ground waters are available in most parts of the United States. Public 
attention may have been focused more on the prevalence of saline ground waters 
in the western part of the country, particularly in the Dakotas, Texas, Montana, 
Wyoming, Utah, New Mexico, Nevada, Arizona, and California. Some municipal- 
ities in these States are being furnished water of salinities far higher than the 
1,000 parts per million regarded as the maximum acceptable by the United States 
Public Health Service standards. This is particularly true in areas of west 
Texas and eastern New Mexico. But if this country is to double its consumptive 
use of water in the next 20 years, many other parts of the country will have 
to resort to the use of this vast reserve of underground saline water and subject 
it to demineralization to render it suitable for public, irrigation, and industrial 
uses. 

IV. FULL-SCALE IONIC-MEMBRANE DEMONSTRATION PLANT 


A. Present installations 
The twenty-odd existing installations of membrane units are treating saline 
waters up to the salt concentration of sea water—all on a small scale. They 
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have been operated by oil companies, a power utility, the Department of the 
Interior, the Air Force, and others. These installations have served to prove 
the reality of the process which in 10 years has progressed from the basic re- 
search of 2 brilliant scientists, through many development and engineering 
stages to a manufacturer’s product which is answering the need for potable 
water of small groups of people in this country and abroad. The ionic-mem- 
brane unit has proven itself to be scientifically sound, reliable from the en- 
gineering standpoint, and acceptable to public-health authorities. In addition, 
it has shown itself to be the most economical method of obtaining potable 
water from saline sources, with mineral content appreciably below that of sea 
water. 


B. Possible economics of full-scale plant construction 


A full-scale demonstration plant could be built in an area such as that of 
Carlsbad, N. Mex. USGS paper 1374 states that well P-3 on figure 2 yields 1,400 
gallons per minute of saline water containing 2,820 parts per million of dis- 
solved solids. Many other sections of the country could be considered where 
wells of high yield and moderate salinity exist in areas of high water demand. 
Such a plant would make it possible to determine the most economical method 
of construction and operation of future plants. Present cost estimates must be 
based upon the smaller plants, which require virtually the same amount of 
equipment such as pumps, vaives, meters, and other controls as the larger plant. 
Engineering experience in the construction and operation of many chemical 
plants has shown that cost data cannot be interpreted accurately from small- 
scale units to large plants because so many engineering factors are involved 
in the large-scale plant that can only be determined by detailed design and con- 
struction data based on an actual plant are reluctant to accept cost estimates 
based upon small installations. The time is near at hand when engineers will 
be forced to adopt the latest water-demineralization techniques in order to de- 
velop adequate water supplies for irrigation, municipal, and industrial uses. 
A large-scale demonstration plant constructed now would assist many engineer- 
ing and water-user groups in the proper evalutation of the ionic-membrane 
process which most assuredly will fit into the economic picture of the future. 
C. Process-control economies 

Operators of waterworks of various types, as well as chemical industries, 
may gain some experience from small-scale units, but there is no substitute for 
the actual experience of operating a large-scale plant. Such an installation 
would permit the development of operating and control procedures to the extent 
that the best possible water could be produced at the least possible cost for 
power, maintenance, and labor. Until a large-scale plant is built and operated, 
accurate process-control methods and costs cannot be determined. Without 
these, engineers cannot be as confident as they should be in the design and 
construction of similar plants for other locations. The construction of a full- 
scale demonstration plant, as proposed in Senate Joint Resolution 135, would 
certainly go a long way toward satisfying engineers and water users of the 
reliability of operation and the reality of the cost estimates. 

D. Proof to the waterworks profession 

The writer is chairman of the subcommittee on water conditioning and pre- 
vention of corrosion of the water purification division of the American Water 
Works Association. One of his duties is to test and bring to the attention of 
the waterworks profession any new developments in water conditioning with 
ultimate installation in mind for large-scale plants. The waterworks profession 
must produce potable water all of the time at the lowest possible cost and with 
the highest degree of reliability. New processes are not accepted without con- 
vineing proof. It is not that the members of the profession are lethargic, but 
rather, the nature of their responsibilities makes them ultraconservative. The 
growing shortage of fresh water supplies will force the profession to look into 
newer methods of water conditioning and to seek proof of their reliability and 
economy. 

The writer firmly believes that it will be necessary to have a plant constructed 
utilizing the ionic-membrane process, and to secure operating data on this for 
at least 2 to 5 years, before the waterworks profession will be in a position to 
underwrite further plants for the production of potable water for municipalities. 
Approvals of the United States Public Health Service and State water-control 
authorities must be obtained. This can most readily be accomplished by making 
available the data from the full-scale demonstration plant. If such a plant 
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were to be constructed by the Federal Government, as proposed in Senate Joint 
Resolution 135, it would be a tremendous service to the waterworks industry 
all over this country. 


V. POSSIBILITIES OF A MULTIPLE-PURPOSE PLANT 


The writer has been consulted by one of the large power utilities on the east 
coast concerning the possibility of the installation of a modern power-generating 
station which would also produce much-needed drinking water. Low-pressure 
steam could be extracted from the turbines to evaporate sea water and produce 
distilled water. However, excess offpeak power would be a problem in the 
economical operation of usch a multiple-purpose plant. This particular power 
company was very much interested in proceeding with an economic investigation 
involving utilization of the surplus offpeak electrical power for the demineraliza- 
tion of saline water which can be found in great quantities underground near 
one of their coastal installations. The ionic-membrane unit would be ideal 
for this purpose, but any power company would be reluctant to consider such an 
installation until it has been proven on a much larger scale than heretofore 
witnessed. In figure 3, the writer has attempted to indicate the schematic 
distribution of water and power in such a multiple-purpose plant. 


A. Characteristics of steam powerplants 

Electrical distribution systems have loads which reach a peak during the 
evening hours. Figure 4 indicates a hypothetical power demand curve for an 
electrical utility. To achieve the maximum effectiveness of the expensive power 
generation plant, it should operate at full capacity. This surplus power could 
be put to economical use in the demineralization of saline water by the ionic- 
membrane process. Surplus power will be available at all times with the ex- 
ception of the evening hours. 


' B. Characteristics of efficient evaporators 

Multiple-effect evaporators, whether of the long-tube, basket, or flash types, 
represent a large capital investment, as previously mentioned. For maximum 
economy they should be operated under a constant load and with steam supplied 
at a constant pressure. This can be done by bleeding off low-pressure steam 
from the turbines which drive the generators. Figures 3 and 4 indicate a 
steam plant where 80 percent of the steam is used for generation of power and 
20 percent for evaporation of sea water. These percentages are not fixed and 
the design can be modified to fit the relative demands for water and power in 
the area being served. Such a plan would permit the steam- and electric- 
generating plants and the water evaporators to operate at full capacity all of 
the time. 
C. Water production from the evaporators 

Figure 3 shows that a constant rate of distilled water production is achieved 
from evaporator operation as specified above. The example shows 3 million 
gallons of water per day, but this value is not necessarily a fixed one and may 
be changed considerably by design. Distilled water does not taste well and 
must be blended with other waters in the reservoir as shown. 


D. Use of excess power for ionic-membranes 


Operating the generators at full capacity will permit supplying power to the 
communities in accordance with the natural demand, and power for the ionic- 
membranes in excess of the demand at any particular time. The two curves 
in the upper right-hand corner of figure 3 and also figure 4 indicate the division 
of power. For any hour of the day, the sum of the 2 usages is 10,000 kilowatts, 
or whatever the design capacity of the generating plant might be. 

The excess power would go to the membranes for treatment of saline water 
which is considered too brackish for consumptive use. This might be a ground- 
water supply with salt concentrations ranging from 1,000 to 5,000 parts per 
million, or even higher. Many sources such as this can be found along the sea 
coasts of continental areas and islands. It would even be possible to utilize 
sea water, but greater economies would be achieved on brackish or saline waters. 

The plant shown in figure 3 is based on the need for more power and water 
in many areas. Utilities envision the economies which may be achieved through 
multiple-purpose plants. But they are reluctant to proceed further until a full- 
scale ionic-membrane plant can be built and operated to prove its engineering 
and economic characteristics. This might well be a very effective answer to 
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water and power shortages in many parts of the United States where saline 
surface and ground waters are available in abundant quantities, and sea water 
is located nearby. 

VI. CONCLUSIONS 


1. Evidence is plentiful and irrefutable that a tremendous growth in demand 
for irrigation, public and industrial water supplies will take place during the 
next two decades. 

2. This demand will force water users to tap the vast sources of saline waters 
in this country. The same holds true for many other parts of the world. 

3. The ionic-membrane process is an economic and engineering reality on a 
small scale. , 

4. Before being widely accented as a logical answer to the saline water usage 
problem by the engineering profession and water authorities, the process must 
be proven by a full-scale plant in the million-gallons-per-day range of capacity. 

5. Senate Joint Resolution 135 is a rational proposal for proving this process 
and eventually making it available to solve the critical water shortages which 
lie ahead for this country. 

6. This joint resolution attacks a problem which is desperately in need of 
solution, namely, how best to make available the vast saline water resources 
of this country. 

7. The immediate present is the time when a full-scale demonstration plant 
of the ionic-membrane process should be constructed and operated because the 
answers which the plant will furnish are needed right now. 

8. Public works construction programs of the next 20 years will see a doubling 
of water supply facilities. The need for effective means of increasing the water 
resources upon which public works engineers can draw is of paramount impor- 
tance to the economy of this country. 

Senator Casr. The next witness is Dr. Arthur Rose, president of 
the Applied Science Laboratories, Penn State, Pa. 

We are glad to have you here and we will be pleased to receive your 


statement in the manner in which you wish to present it. 


STATEMENT OF DR. ARTHUR ROSE, PROFESSOR OF CHEMICAL 
ENGINEERING AT PENN STATE, PA. 


Dr. Rose. I am inexperienced at this kind of thing. I did not pre- 
parea written statement. All I have are some notes. 

For the record I would like to state that my regular job is professor 
of chemical engineering at Penn State, but I also have a side job as 
technical director and president of Applied Science Laboratories, 
which is a private organization for which I consult. 

I would like to put in a plea for two things, Mr. Chairman. One is 
that I believe that this saline water conversion is far more important 
than most of us think it is. I would like to explain that more fully. 
We all have heard many places, and again here today, about the short- 
age of water in this country. And I was glad to have one of the pre- 
vious people who appeared indicate that this situation is becoming 
serious in parts of the country that are ordinarily considered as having 
a plentiful supply of water. 

I think this needs to be emphasized. We usually think of New 
Mexico and California as the places that need saline water conversion. 
But I think in 25 years a lot of other places are going to need it. And 
even today we have heard that New York City is being concerned 
about this problem. And I know that in the State of New Jersey, 
chemical plants have expanded not by building larger plants in New 
Jersey, but by building them elsewhere in the country. 

I am sure many of us think of New Jersey as a relatively well- 
watered State. But aside from that phase of importance to our na- 
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tional economy, I think there is a sort of a double international aspect 
to this problem. 

The public and foreign relations value of a major success in saline 
water conversion I think might rival getting a satellite up into an 
orbit in its effect in other parts of the world, But then there is still 
another way in which a success in this area is important. 

I think that our national economy needs to keep rolling in the next 
25 years and that if we have water problems, this is going to delay 
things—industrial expansion, moving along in the way that it normally 
would. 

We need to keep rolling here. And we cannot afford to be held back 
by not having water. So, I would like to point out the importance and 
the urgency of getting something done stone these lines. And I am 
really happy to see these propos sals for pilot “plants. 

Whether they be million gallons or whether they be somewhat 
smaller, I think often has to be decided by a careful engineering 
analysis of the problem. But we certainly should strive for some- 
thing in the million-gallon range. And I was really happy to see 
Senator Anderson exclaim with v igor before he left that he wanted 
to build a plant. 

And I think this is a spirit that we have got to have here, that we 
are going to lick this thing. Now, it is important as to what this 
means. I think it means money. I think it means larger appropria- 
tions. I think this is the real evidence. It is all right to talk about- 
something being important, but when somebody puts money into it, 
this means that the money is really talking. And it is important. 

So, I hope that there won’t be any restrictions on that score. And 
I would certainly hope going back to the discussion with Secretary 
Aandahl that there wouldn't be any difficulties about regulations 
and legislation and so on. I would hope that all of the necessary 
requirements would be arranged. 

Coming back to another point as to what actually should be done, 
I am going to throw something new into the discussion at this point. 
I think that a sizable chunk of effort and money should continue to 
go into research and development, because I think we have got to face 
the fact that the presently discussed processes may not be the an- 
swer. I am for the pilot plants because that is the only way we can 
get the answer. So, I think we have got to go ahead and drive on 
these pilot plants, but let’s not count entirely on those pilot plants. 

I think that one can sit here and say without question that some of 
these proposed plants are going to be a bust. 

I don’t think we know whether these plants are even going to work 
in some cases. Now, some of them are pretty far along. Something 
like Badgers, that has been tried down in Harbor Island. I sup- 
pose it has been working. I haven’t been down there to see it. I 
haven’t analyzed the figures. But when you get something as big as 
that and it continues to work awhile, then you are pretty “far along. 
I think by and large there are a lot of possibilities for busts here; 
busts in the sense of nonoperability. And, of course, another kind 
of failure would be that the thing would cost too much, and that the 
expected costs would not develop. But still we have got to go ahead 
with the pilot plants. 

We have got to aim pretty high, as far as capacity is concerned, in 
order to get these questions answered. 
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Senator Case. Dr. Rose, do you have any suggestions of the 
avenues in which this continued research should be directed ? 

Dr. Rosr. I think all the processes that the Saline Water Office has 
looked at that have been excluded by the results so far should be 
looked at some more. I think also that a small chunk of money should 
be given to people who have demonstrated interest and capability to 
do exploratory research, to get some really now ideas. For instance, 
we are restricted, I think, with all of the existing processes by get- 
ting into some kind of a transfer problem that involves a lot of sur- 
face—heat-transfer surface. And this gets you into a large capital 
investment. And this is where a good deal of our costs are. 

Now, just maybe there is some way to get around that. Maybe you 
don’t need to build all this expensive transfer area equipment. I 
don’t know the answer today. But if somebody keeps working at 
new ways, completely new ways, to get at this problem, they will have 
a lot of bum ideas. But one idea leads to another. People talk to 
one another, and out of this could well come the real $64,000 ideas. 
And I don’t think we have made a real breakthrough yet. We have 
heard this breakthrough term tossed around here. And it is rather 
popular these days. 1 “don’t think we have had the real breakthrough 
yet. We have had excellent progress compared with 5 or 6 years ago 
whenever it was that this program started. 

T can remember the first year that hardly anybody had any ideas or 
interest in this saline water conversion business. I mean among 
technical and engineering people. Most of them felt “Shucks, this 
thing is hopeless. and probably won’t be very important anyway.” 
T hey thought it was just a wild idea. 

Senator Case. Do you think the research program that has been 

‘arried on to date in the Office of Saline Water justifies the legislation, 
then, that was passed ? 

Mr. Rose. Absolutely. I think it has gotten this thing off the 
ground. I think it is ready to go somewhere. That is why the pilot- 
ylant idea is a good idea. As you have said and as Senator Anderson 
~ said, and other people have said, the thing has gone far enough 
now in certain directions that you aren’t going ‘to get any real further 
answers here without doing the sort of thing you want to do—build 
a plant out there and try ‘to run the thing. We will soon find out 
whether it is going to do what they say or whether it isn’t. 

Well, I really have nothing further to say except to repeat what I 
have tried to make as my main points here: that this thing is more 
important than we think it is. I think it is on a level above where 
it should be compared when it comes to working out an appropriation— 
I think it is on a level far above most of the other things that might 
compete for appropriation money. Everybody knows there is never 
enough money. You have to make choices. I think this thing is more 
important than many other things. 

We in these hearings here may 7 be making history by what we do, and 
the other committees of C ongress that consider this program may be 
doing the same thing, either by positive action or by default. Let’s 
hope it is not default. Let’s s hope that it is positive action and enthu- 
siasm. This is what I would like to see, to get spirit and push in 
this thing and make it move along. And I think in order to do this 
we need these pilot plants. And we also need to have some money 
for research. 
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This does not cost very much compared with the pilot plants. You 
couldn’t possibly spend a million dollars for exploratory research. 
There aren’t enou is people whose brains could be applied to these 
problems. Soa little bit of money for research might really get us 
totheanswer. That is my story, Senator Case. 

Senator Casr. We appreciate the statement you have given, Dr. 
Rose. Thank you very much. 

The next witness is Mr. Sulcer of the Graver Water Conditioning Co. 

(No response. ) 

Senator Casz. Mr. Sulcer’s statement will be made a part of the 
record at this point. 

(The statement of Henry T. Sulcer follows :) 


STATEMENT OF HENRY T. SULCER, VICE PRESIDENT AND GENERAL MANAGER, GRAVER 
WATER CONDITIONING Co., New York, N. Y. 


As designers and manufacturers of all types of industrial and municipal 
water-treating equipment, we have a great interest in the saline water conversion 
program. Since we are best informed and primarily interested in the electro- 
dialysis process of desalinization, we will limit our comments to that process. 

We do not consider this to be a fully developed process but look on it as a very 
promising one. We are not sure that a large market exists for a successful 
device of this kind but feel that there is a sufficiently large potential market to 
justify our time and effort in developing a reliable and economical process. We 
view the field first from the standpoint of process development and process 
improvement, and secondly from the standpoint of market development. 

Since we do not consider the membrane process to be fully developed at this 
time, we cannot support the provision of the resolution which would call for 
construction of a full-scale plant. It has been our experience in connection with 
other process-development projects, particularly during the war, that moving to 
large-scale plants too soon can not only be wasteful of money but can actually 
slow the development of the process. What would be a minor revision on a 
semiworks or pilot-scale plant becomes a major consideration on a full-size plant. 
We would, therefore, favor pilot or semiworks scale experimentation during the 
next 12 months. 

In planning this work, it is of great important to differentiate between the 
treatment of sea water and other saline waters. The electrodialysis process 
looks more promising than any other process for the treatment of brackish waters 
containing, say, less than 5,000 parts per million of total dissolved solids. The 
captial investment and operating costs are proportional to the solids concentra- 
tion of the water. This is illustrated in the table below which gives our best 
current estimates for reducing solids to 500 parts per million total dissolved solids 
on 8 different waters. These calculations were made according to the standard 
procedure recommended by the Office of Saline Water. 


Estimated capital investment and operating cost to produce 500 parts per million 
treated water, eeoreme to standard procedure, Office of Saline Water 


Raw water solids (parts per million) 


35,000 4,400 3,000 


ee —-~ ~ —-— | — —__--_—_— — — —_—-—_—— — 






Capital investment (dollars ner 1,000 gallons we oF capac ty). 3, 500 500 | 400 
Operating cost (dollars per 1,000 gallons) -- -- 4) . 65 | . 45 








We think that these figures are conservative and have good reason to believe 
that they can be reduced significantly by further experimentation with unit 
design and with improvements in the membranes. 

Since the distillation processes are substantially independent of the solids 
in the raw water they are much more attractive on sea water and other higher 
solids waters at the present time. It appears to us that there is a place for 
more than one process because of this and other variables which exist in areas 
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needing desalinization equipment. All things considered, however, we believe 
that the electrodialysis process shows the greatest promise in the field of brackish 
water treatment. 

Our comments on this resolution can be summarized briefly as follows: 

(1) More than one demonstration plant is needed. The minimum number 
should be two, using the most promising method for sea water in one and the 
electrodialysis process for brackish water in the other. 

(2) The size of these plants should be limited to pilot or semiworks scale 
so that improvements can be made quickly and economically. 

(3) We do not feel that the Secretary of the Interior should be limited by the 
6-month clause on page 2, line 5. He should be given at least 12 months. 

(4) We suggest the use of the term “electrodialysis process” instead of “ionic- 
membrane process” to describe this method of desalinization. 

Senator Caspr. The next witness is Mr. Harvey Banks, director of 
water resources for the State of California. 

(No response. ) 

Senator Casg. I have been informed that Mr. Banks is in Senator 
Kuchel’s office at the present time and will appear shortly to testify. 

Is there anyone who is not on the witness list who would like to 
make a statement ? 

(No response. ) ; : 

Senator Case. Mr. Jenkins, is there anything further that you wish 
to say for the Office of Saline Water ? 

Mr. Jenkins. I think not, Senator Case. It might be, however, 
well to correct one misunderstanding that was stated this morning. 
Reference was made to a publication of the Office of Saline Water in 
referring to a fuel or a cost of energy at 25 cents a million B. t. u.’s. 
And I believe that the publication which is an estimating procedure 
was held in some criticism because of that reason. 

I would like to say just this: That publication was made as a result 
of the concerted efforts of a great many prominent and competent 
engineering organizations whose names are listed in the foreword. 
And a part of that estimating procedure—this is a very essential part 
which was clearly overlooked—is stated in the foreword. I wish to 
read it : 

When sufficient engineering data become available for a particular process, 
the estimate of costs should be refined by using actual costs, instead of percentage 
factors. 


It goes on to say : 


All estimates prepared for the Office of Saline Water will be subject to review 

as necessary for comparison among processes and to accommodate special geo- 
graphic factors. 
That is an essential part of this procedure and should not be over- 
looked by anyone who is applying it. If the cost of fuel oil in south- 
ern California is more than would be represented by 25 cents a million 
B. t. u.’s, the manual instructs us to use that additional cost. 

Senator Case. We are glad to have your additional statement. 

The next witness is Mr. Banks, director of water resources for the 
State of California. 

The statement you have will be placed in the record as it is. The 
Chair would suggest that you highlight your statement in the light of 
the discussions which you have heard. 

Mr. Banxs. Thank you, Senator. 
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STATEMENT OF HARVEY 0. BANKS, DIRECTOR OF WATER 
RESOURCES FOR THE STATE OF CALIFORNIA 


Mr. Banks. I think, Senator Case, that as far as my statement is 
concerned, I can start out by saying that the State of California i is very 
deeply interested in this problem of saline-water conversion. In fact, 
through my department at the University of California, we are ac- 
tively “engaged 1 in studies of the problem to se how it fits in with our 
long-range plan for water development. 

Senator Cass. Is there urgency about meeting the problem as far as 
California is concerned ? 

Mr. Banks. Over the next 5 to 8 years; yes, Senator. That is, within 
about 5 to 8 years we will have to lay firm plans for the supply of 
water to southern California. 

Senator Casr. What is the State of California itself doing in this 
field ? 

Mr. Banxs. The University of California at Berkeley and Los 
Angeles is engaged in basic research on a number of different proc- 
esses. My department is doing studies and investigations in the appli- 

cation of those processes in various localities looking to the time when 
we can make recommendations to the legislature for further action if 
that appears necessary at the State level. 

As Senator Anderson mentioned, the cost of providing for the ulti- 
mate water requirements of the State will involve an expenditure at 
present-day price levels of something in excess of $12 billion. It will 
involve the construction, in light of our present knowledge, of a very 
large number of reservoirs and conduits, pumping plants, and that 
sort of thing, to transfer the surplus waters from the northern part of 
the State to the water-deficient areas in the central and southern parts 
of the State. Obviously, if sea-water conversion should become an 
economically competitive process, it might obviate the necessity for 
some construction, particularly some of the ver y large conduits. 

Senator Casr. Has there been any thought in ¢ ‘alifornis a of being in 
a position to work in a cooperative program of research or of demon- 
stration ? 

Mr. Banks. Yes, there has. There has been an assembly interim 
subcommittee studying this problem for the past year, and I think I 
can state with safety and assurance that the legislature would be glad 
to cooperate with the United States in a program of further research 
and, at the appropriate time, construction of demonstration plants. 

Senator Casr. I notice in refer ring to your statement that you seem 
to be interested in the demineralization of both sea water and brackish 
water. 

Mr. Banks. That is correct. 

Senator Case. Do you have resources of what might be termed 
“brackish water” in California that could be be deve eloped ? 

Mr. Banks. There will be, particularly in the San Joaquin Valley, 
considerable amounts of brackish drainage water as agricultural de- 
velopment proceeds in that valley. It seems to us that it will be 
worth while and necessary to conduct further research on the possi- 
bilities of demineralization of those brackish drainage waters for 
reuse. Whether the cost can be brought down, of course, to be eco- 
nomically competitive with other supplies we cannot tell at this par- 
ticular time. 
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It can only be determined after further study and further research. 
With respect to Senate Joint Resolution 135 we are in support of it, 
but we do recommend that the time limit specified in that resolution 
in which the Secretary would have to determine the process or proc- 
esses to be utilized in a demonstration plant be extended at least 1 
year and possibly longer. 

We feel, on the basis of our studies, that right at the present time 
there is not sufficient basic iformation available to the Secretary to 
make such a determination with finality within the 6-month period 
allowed. 

Senator Case. Well, if you were limited to one plant? 

Mr. Banks. I am not sure, Senator, with the possible exception 
of the problem in which you are particularly interested; that is, 
brackish water. But in the overall picture I am not sure that we 
could even select within 6 months either the proper process or the 
proper location for a demonstration plant. I think there will need 
to be considerably more study on that than has been done. I believe 
it will take at least a year; possibly less. 

Senator Case. Would it take you a year to recommend a suitable 
site or sites in California for a demonstration plant? 

Mr. Banxs. I would hestitate to do it, or say that I could do it in 
less. In my opinion, the location of a demonstration plant should be 
selected not just to meet a particular problem but in such a way that 
the results obtained will be of broader application than meeting the 
specific problem at a specific site. 

Senator Case. Do you think there should be some correlation be- 
tween the type of plant selected and the site for the plant? 

Mr. Banks. Yes. There will have to be some correlation. I would 
hesitate to say that we should confine our objective in a demonstration 
plant to solving solely the particular problem existing at the particu- 
lar site. I think we should look at it in a little broader light. 

Senator Casr. I think you have made your point clear. 

Ts there anything further ? 

Mr. Banks. I believe you have my prepared statement, sir. 

Senator Casr. Yes; we have your statement, and it will appear in 
the record. 

Mr. Banks. If there are no other questions I believe I have noth- 
ing further to add. 

Senator Casr. Thank you very much. 

Mr. Banxs. Thank you, Senator. 


PREPARED STATEMENT OF HARVEY O. BANKS, DIRECTOR OF WATER RESOURCES FOR 
THE STATE OF CALIFORNIA 


My name is Harvey O. Banks, I am director of water resources for the State 
of California. I appreciate the opportunity to present my views on Senate Joint 
Resolution 135, introduced by Senator Anderson. I understand that in addition 
to that resolution, several other resolutions and at least two bills dealing with 
the same subject matter are now pending before the Congress. Senator An- 
derson, members of this subcommittee, and the other Members of Congress 
concerned, are to be commended for their active interest in the possibilities of 
demineralization of saline water as a source of fresh water supply and for 
their efforts to expedite research and development in that field. California is 
deeply interested in this matter and offers its full support and cooperation to 
the Congress and to the Federal agencies concerned in carrying these studies 
through to a conclusion. As I will explain later, we do have some reservations 
as to the timing proposed in Senate Joint Resolution 135. 
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I would like to discuss not only the demineralization of saline water, which is 
the specific subject of Senate Joint Resolution 135, but also the development 
of nuclear energy since these two matters are definitely related. Without large 
amounts of cheap energy becoming available in the future from nuclear sources, 
it does not appear that any demineralization process now envisioned offers prom- 
ise of producing fresh water from sea water in large quantities at costs econom- 
ically competitive with other sources in most areas. 

I would like to touch briefly on California’s water problems -and the studies 
now being undertaken by the State department of water resources of deminerali- 
zation of saline water and of nuclear energy, and the possible applications thereof 
to the solution of those problems. 

To meet present and future water needs throughout California, the State has 
evolved a master program of multipurpose water development known as the 
California water plan. Such a plan is vitally needed to assure that optimum 
benefits shall accrue in the control, conservation, protection, distribution, and 
utilization of the waters of California for all regions of the State and for all 
uses of water. To fully accomplish the California water plan will require much 
time, perhaps a century or more, the expenditure of more than $12 billion, 
and the combined efforts of Federal, State, and local governments and private 
enterprise. 

A major feature of the California water plan as now developed on the basis 
of present knowledge and technology is the construction and operation of several 
hundred surface and subsurface reservoirs, as well as numerous hydropower 
generating, pumping, and pumped-storage plants. In addition, the plan now 
envisions interregional transfers of surplus waters by large physical works from 
regions of abundance to areas of deficiencies, often separated geographically by 
nearly a thousand miles and physically by intervening high mountain barriers. 

Present studies indicate the ultimate water needs of the entire State of Cali- 
fornia will approximate two and one-half times the amount now required. The 
water resources of the State and the existing and ultimate seasonal consumptive 
water requirements, segregated by hydrographic area are indicated in the tabula- 
tion below. The geographic imbalance between resources and requirements is 


clearly evident. 


Estimated water resources and present and probable ultimate seasonal 
consumptive water requirements 


[In thousands of acre-feet per year] 


























| 
Present | Ultimate 
Local | Present | Ultimate | supple- supple- 
Hydrographic area water water | water | mental mental 
resources ! require- require- water water 
ments ? ments require- | require- 
| ments? | ments * 
| | 
| | | 
North coastal................-.---.-.------ 28, 890 513 | 2, 064 13 | 1, 564 
ND DE. cscccnsctiacctbbearadase 1, 245 710 3, 512 | 42 2, 257 
Central coastal. ____- sins bile: ineatitinniniltcaaias 2, 448 630 | 2, 246 65 | 1, 681 
a sain 2, 439 1, 907 5, 552 370 | 3, 027 
Sacramento River Basin..._.__-.-.-- ; i 22, 390 3, 819 7, 427 | 124 3, 732 
San Joaquin-Tulare Lake Basin (including } 
Sacramento-San Joaquin Delta) - ae 11, 246 9, 373 16, 305 1, 661 9, 427 
Operation of salinity control barrier in | 
Sacramento-San Joaquin Delta. _-_-_----- bi dnccntbieien maiden oda a Oe Beacundcaed c 876 
i Lt omeabnducbeapaies 3,177 741 6, 736 279 6, 148 
Colorado Desert... -.----.--- loeedtava tear 4, 371 3, 340 | NG fevncccne | 2, 181 
had dink 66 a0 oe ~ameiinnudews 76, 206 21, 033 51, 128 | 2, 554 30, 893 





1 Including California’s rights in and to the waters of the Colorado River. 


2 As of 1950. 
3 In addition to present (1950) utilization of imported water supplies. 
4 In addition to California’s rights in and to the waters of the Colorado River. 


Whether all of the very large interregional transfers of water now envisioned 
as necessary in the future to supply California’s increasing needs for water will 
finally be constructed or whether the demineralization of brackish and sea water 
will provide some of the future requirements, is as yet a matter of conjecture. 
If competitive demineralization processes are developed, the locale of application 
will largely be dictated by economics. Obviously, large savings may be possible. 

The California State Legislature fully realizes the probable implications to 
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the State’s interests of developments in the field of water demineralization and 
in the application of nuclear energy to solution of water problems, as does the 
department of water resources. During the past year, a legislative interim com- 
mittee has been actively studying these matters. 

It is anticipated that the legislature will appropriate approximately $104,000 
to the department of water resources for fiscal year 1958-59 for investigations 
in the fields of demineralization and nuclear energy, with the directive that these 
studies be expedited as much as possible. The legislature has similarly re- 
quested the University of California to speed up and expand its basic research 
programs. 

To accomplish this expanded program, the California Department of Water 
Resouces is now organizing a specialized, highly technical engineering section 
to investigate not only all phases of the sea- and brackish-water conversion 
problem, but also to study the possible uses of nuclear energy as sources of heat 
or electrical energy for demineralization processes and as sources of electrical 
or mechanical energy for pumping; several specialists have already been re- 
cruited. The latter studies will include full consideration of the possibilities of 
the generation of hydroelectric energy for peaking purposes through the use of 
pumped storage using offpeak energy from nuclear reactors and/or other sources 
for pumping. Should definite profitable avenues for further investigation and 
development be revealed, the department will, subject to the availability of funds, 
take full advantage of possible cooperative arrangements with Federal and other 
public agencies and of the employment of private organizations to continue de- 
tailed investigational and developmental work. A considerable number of private 
companies have been contacted and are ready to assist the department when it 
appears advantageous to actively pursue definite developmental phases. 

With regard to the need of large-scale water demineralization plants and the 
applications of nuclear energy in California’s water development program, it is 
believed that at least 5 years are yet available before definite decisions must be 
made regarding possible major applications. Thus we have ample time to con- 
duct the basic research and pilot-plant studies which are still necessary to obtain 
conclusive information as to processes, materials, design data, and costs. 

The most immediate need for large amounts of supplemental fresh water in 
California is for irrigation in the San Joaquin Valley. There is no prospect 
whatsoever that this need could be met by demineralization of sea water at costs 
even approaching those involved in conserving and importing fresh water from 
streams of the Sacramento Valley such as the Feather River. However, the 
demineralization of brackish drainage water may offer some promise in the 
future. 

The immediate efforts of the department of water resources in the field of 
water demineralization are directed toward (1) the collection of all available 
research data, design, operation, and maintenance data for existing and planned 
saline-water conversion units in the United States and abroad, (2) putting these 
data on common bases to enable comparative analyses, and (3) evaluation to 
determine the most promising processes, possibilities of new processes, and cost 
and design data. We are working closely with the Office of Saline Water, 
United States Department of the Interior, in the scientific and technical phases 
of the water-demineralization program. Close cooperation is being maintained 
with the research work of the University of California at Berkeley and at Los 
Angeles in the fields of saline-water conversion processes and low-temperature 
nuclear reactor development. 

It is also contemplated that arrangements may be made for supplementary 
studies by such organizations as Scripps Institute of Oceanography, Stanford 
University, Stanford Research Institute, California Institute of Technology, 
Massachusetts Institute of Technology, and the University of Wisconsin. 

Prepilot-plant investigations will soon be initiated for several locations in 
California, including use of processes suitable for the demineralization of brack- 
ish drainage water in the central San Joaquin Valley, reclamation of sewage, 
and the possibilities of sea-water conversion units in the vicinity of Monterey, 
the San Luis Obispo-Santa Barbara region, Los Angeles, Avalon, and at San 
Diego. These sea-water conversion unit studies will consider the use of waste 
industrial heat sources and the use of the thermal potential of sea water in 
coastal submarine basins and canyons, perhaps supplemented by solar heating 
of surface waters and/or by secondary electrical or heat energy. 

Other sources of energy, whether for eventual large-scale or for small-scale 
uses of electrical, mechanical, or thermal energy or for water demineralization, 
are being encompassed in the studies of the department of water resources. 
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These investigations will include the use of wind, tide, ocean waves, thermal 
potential of sea water, solar energy, heat pumps, waste, and secondary utility 
and industrial electrical and heat energy, etc. 

Our studies to date indicate that no demineralization process for the conver- 
sion of sea water in its present stage of development appears to be competitive 
in most areas of California with water from natural sources. It is our opinion 
that to be useful to consumers of domestic, municipal, and industrial water in 
California, the total cost must show promise of ultimately approaching $80 per 
acre-foot. This figure is very nearly that of the cost of fuel or of energy alone 
in the majority of the more economical conversion processes developed to this 
date. Further research and development will no doubt lower the costs substan- 
tially below those which now appear possible. 

Therefore, it is believed that at this time, we do not have the fundamental 
knowledge required to select the best process nor the design data necessary for 
the construction of a large sea-water-desalting plant. Rather, there is need for 
more basic research closely coordinated with careful and detailed engineering 
analysis so as to obtain reliable operational and cost data for those processes that 
appear to offer promise of solutions to the problems of demineralization. Such 
studies should be expedited as much as possible. 

A number of small desalting plants are now in operation in several parts of the 
world where there are no other possible sources of fresh water. It is suggested 
that teams of technical experts be sent to observe the functioning of these plants 
so as to obtain accurate operational and cost data. In a like manner, reliable in- 
formation should be procured from the designer and constructors of these units 
regarding total capital costs. On the basis of such fundamental information, more 
effective avenues of research and related developmental requirements can be 
evolved. 

As noted above, large areas of California have water requirements both 
present and future, far in excess of their local water resources. These include 
the San Francisco Bay area, central coastal area, southern California, San 
Joaquin Valley, the Lahontan region, and the desert areas. At the present time, 
our most urgent water problems are those of the interior valleys. Demineraliza- 
tion of sea water may well assist in the future alleviation of the water shortage 
problems of the coastal areas. In the interior areas, as previously noted, demin- 
eralization of brackish drainage waters appears worthy of future study. There- 
fore, we believe that further research, experimentation, and finally operation 
of large-size pilot or demonstration plants for the desalting of both sea water and 
brackish water should be conducted as expeditiously as possible. The most fea- 
sible process may not be the same in each case. 

With respect to the location(s) of a demonstration plant or plants, it is 
believed that California, because of the wide variety of our water problems and 
the urgency thereof, should be selected. In the news release concerning this 
hearing, mention is made of the possibility of cooperation with State and local 
agencies. I want to assure you that California will be more than willing to 
cooperate to the fullest possible extent in the design, construction, and operation 
of a demonstration plant at the appropriate time, either for demineralization 
of sea water or brackish water or both. 

The following points are suggested for your consideration: 

(1) Since, as yet, no definite water demineralization process has shown itself 
to be economically competitive with natural sources of supply, the construction 
of a demonstration plant should not be undertaken for a year or two until a 
thorough, detailed appraisal of present processes and existing plants is obtained 
and possible more profitable avenues of research are determined and evaluated. 

(2) More factual information should be obtained and prepilot plant engineering 
studies should be conducted so as to procure sound bases for the selection of 
possible economically justified methods and of plant locations. 

(3) When the investigations result in the selection of a process, or processes, 
which appear to offer solutions to the problem of economical water demineraliza- 
tion at specific locations, then demonstration plants should be constructed and 
operated to obtain full and accurate design and cost data. 

(4) Such studies should encompass the demineralization of both sea-water 
and brackish water. 

We urge the passage by Congress of Senate Joint Resolution 135 to expedite 
the research program on demineralization of saline water and to provide for 
construction of demonstration plants but we recommend that the Secretary of 
Interior be allowed more than the 6-month period now specified in Senate Joint 
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Resolution 135 in which to select the process to be used. At least 1 year, and 
possibly longer, will be required to conduct the necessary research and studies 
to properly select the processes and determine the proper locations for demonstra- 
tion plants. To shortcut these essential first steps might well result in costly 
failure. 

Once the decision has been made to construct a demonstration plant, we strongly 
recommend that it be located in California. The State of California is willing and 
anxious to cooperate in every way possible in the solution of this problem. 

The Congress of the United States is to be commended for its foresight as to 
the possible implications of the development of economical water demineraliza- 
tion to many areas of the country. 


Mr. Linewraver. Mr. Larrecg would like to make a short additional 
comment. 

Mr. Larrecg. Mr. Jenkins was kind enough to explain the circum- 
stances by which a price of 25 cents per million B. t. u. was arrived at. 
But that explanation does not alter the precise question that was raised 
here this morning, Mr. Chairman, as to whether the estimate of cost 
of product, dollars per thousand gallons, which were stated in the 
hearing are based upon the precise figure given in the report or based 
upon some other. 

And I do believ e, Mr. Chairman, that the question is very pertinent. 

Senator Case. You will recall that the Chair suggested at the time 
that the committee staff analyze the statements presented with respect 
to costs to determine whether or not that fuel factor was on the basis of 
the suggestion in the booklet or on the basis of actual cost. 

Mr. Larreca. Yes. 

(Senator Anderson subsequently ordered the following communica- 
tions inserted in the record :) 


LETTER From D. OTIS BEASLEY, ADMINISTRATIVE ASSISTANT, SECRETARY OF THE 
INTERIOR 


DEPARTMENT OF THE INTERIOR, 
OFFICE OF THE SECRETARY, 
Washington, D. C., April 1, 1958. 
Hon. CLINTON P, ANDERSON, 
Chairman, Subcommittee on Irrigation and Reclamation, 
United States Senate, Washington, D. C. 

DEAR SENATOR ANDERSON: As requested by Senator Case for information to be 
used by the committee in executive session concerning the various costs presented 
at the recent hearing on Senate Joint Resolution 135 by the various witnesses, 
the following is submitted. 

Before it is possible to determine definitely whether or not an organization 
has utilized all of the Office of Saline Water “Standardized Procedure for Esti- 
mating the Costs of Saline Water Conversion,” it is necessary to have computa- 
tions before us concerning the various assumptions and costs that they present. 
We can say that Fluor Corp. did present costs that were compiled in accordance 
with the standard procedure and with projected cost of theoretical nuclear steam 
plants. In addition, it is our understanding that Westinghouse, Griscom-Russell, 
Maxim-Silencer, and Ionic feel that they have applied the Office of Saline Water 
cost estimating procedure to their various processes. The figures given at the 
hearings by Mr. Badger were made before the standard procedure was prepared, 
and when the data were recomputed by the Office of Saline Water in accordance 
with the standard procedure, the 30-cent figure came out to about 40 cents. 

It should be noted that the figures given by Griscom-Russell and Maxim Co., are 
for combination power-water plants. We are unable to confirm whether or not 
power generators utilized the standard procedure. 

Should you have further questions, we would be pleased to answer them 

Sincerely yours, 
D. OT1s BEASLEY, 
Administrative Assistant, Secretary of the Interior. 
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LETTER FroM Dr. Everett D. Howe or THE UNIVERSITY OF CALIFORNIA, AT 
BERKELEY ON DEMONSTRATION PLANTS 


UNIVERSITY OF CALIFORNIA, April 10, 1958. 
Senator CLinton P. ANDERSON, 
Senate Office Building, Washington, D. C. 


Deak SENATOR ANDERSON: You may recall our brief discussion when I visited 
Washington on March 25, at which time I promised to send you some comments 
regarding the desirability of constructing demonstration plants for the deminer- 
alization of saline waters, as provided in pending Senate bills. 

While there is need for considerably more fundamental research and small- 
scale pilot-plant exploration on many of the schemes proposed for demineraliza- 
tion of water, there are some schemes which are sufficiently far developed that 
demonstration plants could be built in the near future. The construction of such 
plants may serve the purpose of stimulating the research and small-scale work 
on the less well developed methods and hence would be quite desirable. Several 
facets should be given consideration in the development of any demonstration- 
plant program. 

The primary consideration should be that new methods will be given emphasis. 
It is my feeling that manufacturers of conventional equipment have made very 
substantial improvements in the economy and capacity of their equipments over 
the past several years, this being exemplified by the new plants at Aruba and 
Kuwait. It is probable that these manufacturers and engineers will continue to 
improve their plants through the normal stimuli provided by competition. Thus, 
it would seem to me that demonstration plants, if constructed, should emphasize 
the methods not yet applied commercially. 

It would seem desirable to construct a number of demonstration plants, rather 
than to spend the entire sum on 1 or 2 plants. I make this comment because the 
size of the demonstration plant essential to display the characteristics of the 
equipment need be equal only to the maximum size in which the given equipment 
can be constructed. For example, the new distillation plant at Aruba consists 
of four identical trains of heat exchanger, each of which has a capacity of one- 
fourth that of the plant. Thus, a demonstration plant using this equipment 
need not be more than the equivalent of one of the trains of heat exchangers. I 
believe this same comment is true of most of the other developments. 

No doubt it would be desirable to have some of the plants constructed for 
demineralizing saline water, and others to demonstrate the demineralization of 
sea water, since the methods appropriate for solving these two problems differ. 
5 The locations of the plants should probably be in areas where the water supply 

could be usefully employed and is needed. For saline water, there are areas in 
the Dakotas, in Texas, and in Arizona, where such installations probably would 
be welcomed. For sea water demineralization, the two areas which are most 
critical at this point are southern California and the Virgin Islands. I suspect 
that both of these locations would welcome installations of water plants. 

One of the principal objectives of any demonstration-plant program should be 
that of obtaining performance data on full-scale plants in an accurate and com- 
prehensive manner. I believe that data acquired for this purpose would have 
considerable significance in accomplishing the transition from laboratory work 
to full-scale plant design. For example, if the demonstration plant were to be 
designed and installed with instrumentation sufficient for obtaining performance 
data, there should be possibly a period of operation under controlled conditions 
so that some agency, such as the OSW, would be able to obtain data on costs and 
performance of the various components as well as of the entire plant. These 
tests would be possible only if plans are made in advance of the plant construc- 
tion. There will be required instruments and measuring facilities not normally 
used in the operation of a production plant. While this is a detail which no 
doubt would be best considered by the agency responsible for the demonstration 
plants, I think it should be kept in mind as one of the many facets of any 
demonstration-plant program. 

It is my general feeling that, under the conditions noted above, a demonstra- 
tion-plant program at the present time might be quite helpful in stimulating 
the basic research program and in bringing to the attention of many people the 
nature and magnitude of the problem which has been tackled on such a modest 
seale under the auspices of the OSW. 

I hope the above remarks will be helpful to you at this time. 

Sincerely yours, 
EVERETT D. Howe, 
Professor, Mechanical Engineering. 
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Mr. LineweEAver. Senator Case, we have received several communi- 
cations that we would like to have printed in the record at this time. 
They are as follows: a statement from Dr. Kalman Held, of Tech- 
nical Research Corp., New York City; a letter containing a descrip- 
tion of the Reams process for the desalination of sea water from 
E. Walter Scott, of Reams & Scott Explorations, Washington, 
D. C.; a letter from Early W. Moore, of Chowchilla, Calif.; and a 
letter from Bryn Beorse. The latter two letters were presented for 
insertion by Senator Anderson. 

We also have a letter from Dr. Richard Harvill, president of the 
University of Arizona, addressed to Senator Hayden, chairman of 


the Senate Appropriations Committee, enclosing a statement by Dr. 


Sol D. Resnick, hydrologist with the University of Arizona, on the 
proposed United States Government plant for demineralization of 
brackish water. 
Senator Case. Without objection, they will be printed in the record. 
(The communications are as follows :) 


STATEMENT OF Dr. KALMAN HELD, TRG, Ino. (ForMeRLY TECHNICAL RESEARCH 
GROUP) 


I am pleased to accept your invitation to submit my Comments on Senate 
Joint Resolution 135 and the accompanying news release. My professional 
experience includes a doctorate in physical chemistry and 17 years of research 
in the fields of saline-water conversion, nuclear energy, and materials research. 
I am vice president of TRG, Inc., a small but rapidly growing company whose 
basic activity is sponsored research and development. TRG’s areas of activity 
include nuclear reactors and shielding, electronics devices and components, basic 
physical chemical research including studies on saline-water conversion. 

For the past several years I have been concerned with the technical and 
economic problems encountered in converting sea and brackish waters to fresh 
water. This has included experimental and theoretical studies as well as a 
comparative survey of various methods for desalinizing water. 

With regard to Senate Joint Resolution 135 and the accompanying news 
release it is my belief that the appropriation of $10 million for construction 
of saline-water conversion facilities is well merited. However, at this time it 
would seem more desirable to use the funds for the construction and operation 
of two or more pilot plants. Allocation of funds for construction and operation 
of a pilot plant for demineralizing brackish waters should certainly be a part 
of the program. This is due to the fact that there are many areas of the country 
where brackish waters are present. Under certain conditions the cost of de- 
mineralizing brackish waters may reach a low level. In addition one or more 
pilot plants using a sea water feed should be constructed. ‘These plants should 
have a capacity of about 1 million gallons of fresh-water production per day. 

It ought to be recognized, however, that in the light of the current water 
economy and the state of the water-conversion technology, no system will at 
this time be capable of demineralizing water at low enough cost for broad general 
use. The primary purpose of the construction should therefore be to advance 
the technology through the experience gained in the construction and operation 
of plants of a sufficiently large size to be of engineering rather than of laboratory 
interest. 

Such an enterprise must necessarily be undertaken with Federal aid. It is 
to be hoped that the Federal aid will be offered in such manner as to invite 
increasing participation by private enterprise and to respect the rights of local 
governments in policing water supply. 

While we most heartily concur that constructions of operating systems to 
examine further those methods now most promising are timely and would 
greatly benefit the technology, we believe that a well-rounded program should 
give attention to other aspects of development. In particular, we believe that 
the current program should include the following: 

1. Construction of several pilot plants embodying systems at present most 
attractive. 
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2. Further support at the laboratory level for systems which hold a large 
measure of promise for the future. 

3. Further support of studies to explore new avenues to the solution of various 
problems; i. e., generation of fresh ideas. 

4, Construction of a small laboratory dedicated to the purposes of water 
conversion. 

This program, we feel, would lead to a rapidly developing water technology 
at relatively small cost; for research in water demineralization is much less 
costly than many other prominent fields of research funded by the Government. 
For example, we believe the above program would be adequately funded with 
approximately $10 million for item 1, $2 million for items 2 and 3, and $3 million 
for item 4. 

Items 2 and 3 are largely self-explanatory. It is desirable in their execution 
to bring the fullest amount of talent to bear, private enterprise, large and small, 
universities, and Government laboratories. Item 4 is new to the saline-water 
program. The proposed laboratory could be modeled administratively after the 
AEC national laboratories—on a much more modest scale. The laboratory 
would centralize equipment and facilities necessary to investigate any part of 
the program. Its location ideally would be coastal in a warm climate. It 
would be versatile enough to perform any support work that could not con- 
veniently be done elsewhere. Such a center might later become a focal point 
for solar energy and for oceanographic studies. 


EVALUATION OF SALINE WATER CONVERSION METHODS 


The following methods may be considered in a sufficiently advanced state of 
development to warrant consideration for construction of pilot plants at the 
present time: 

Multiple effect evaporation 
Compression distillation 
Ion permeable membrane method 

A number of other methods exist for which some bench data is available but 
which are not at a stage to warrant relatively costly capital investment. How- 
ever, these may be ultimately less costly than the above. It is suggested very 
strongly that research and development continue in these fields. This will be 
considered in more detail in a later section. 

A third class consists of those pioneering methods for which process feas- 
ibility has not been established. These warrant a modest amount of funding 
for continued research. 

The most important feature of the program for long-term benefits is research 
intended to improve the state of the art. Research programs should be carried 
on to improve existing systems and to develop new ones. The importance of 
relatively modest investment in fresh ideas cannot be overestimated. Out of 
them will rise the great projects and the technology of the future. 

The research program should not only look to the future but should also ad- 
dress itself to immediate problems. In this manner a strong current technology 
will be developed and maintained in support of operating projects. 

It is specifically recommended that the following topics be investigated (in 
connection with items 2 and 3 above) : 

1. (a) Conduct research on methods to increase overall heat transfer co- 
efficients. 

(b) Conduct research on methods to prevent or control scale deposition. 

(c) Prepare new permselective membranes and measure their properties. 

(ad) Continue engineering studies on various solar stills. 

(e) Conduct preliminary engineering and economic studies of a multipurpose 
plant for the production of desalinsed water, electrical power, brine, and related 
chemical products. 

(f) Conduct engineering studies on various distillation methods. 

(g) Investigate the potential of nuclear reactors as energy sources. 

2. To support research at a modest level on selected seed ideas which are ex- 
pected to contribute to the state of the art. 

We cannot conclude without emphasizing the desirability of pursuing and 
developing this technology. Nature’s resources of fresh water are limited. 
Parts of this country already suffer from inadequate supply. The pressure of 
increasing population and increasing per capita demand for fresh water will 
inevitably and in the not-distant future expand the size and number of our 
water poor regions. Many foreign nations in whose welfare our country is 
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deeply interested face immediate, and sometimes desperate, need for more fresh 
water. 

Fresh water is primarily a material of peace and prosperity. The rewards 
which accompany its abundance is great. The cost of advancing the technology 
of water purification is relatively small. 


Lerrers From REAMS & Scott 
Reams & Scort, 


Washington, D. C. 
Hon. CLinton P. ANDERSON, 


Chairman, Subcommittee on Irrigation and Reclamation, 
United States Senate, Washington, D.C. 


DeEAR SENATOR ANDERSON: Your Mr. Langweaver has instructed us to submit 
the pertinent facts relative to the Reams process for the desalination of sea 
water (saline water) to you as the chairman of the committee now considering 
the process, or processes, best suited for immediate construction and test, under 
the direction of the Secretary of the Interior. 

As sponsor to the presentation of this new process to your committee, it gives 
me a great deal of pleasure to recommend it, for I have witnessed the operation 
of the primary Vaptor unit Mr. Reams invented from the beginning of the 
experiments. He has labored tirelessly with fortitude and diligence to overcome 
many problems. It is operative and does all that he claims and may, if given 
the chance, be the answer to the vexing problem of water supply now affecting 
our national economy. 

I trust that you can give this process your consideration at the moment and 
that the inventor will be rewarded for his lone effort, also that recommendation 
to the Secretary of the Interior and the Assistant Secretary, Hon. Fred Aandahl, 
will be to thoroughly investigate the Reams process and its possibilities. 

I want to thank you at this time for hearing the prior short description of the 
Reams process at a dinner gathering recently where I had the pleasure of meeting 
you. 

Sincerely yours, 
BH. Water Scort, 
Partner, Reams & Scott, Explorations. 


THE REAMS PROCESS OF DESALINATION OF SEA WATER 


It is gratifying to learn that the remarks made by Senator Anderson in the 
United States Senate on January 9 have borne fruit in the passage of a joint 
resolution (S. J. Res. 135) to provide “for the construction by Department of 
the Interior of a full-scale demonstration plant for production from sea or other 
saline waters, of water suitable for agricultural, industrial, municipal, and 
other beneficial consumptive uses * * * 1 of 3 most promising saline water 
conversion processes currently under study in the Department of the Interior.” 

Because of current experiments and the patent situation (disclosure limita- 
tion), the Research Operations, Inc., under whose auspices the research effort 
has been pursued, has not been able up to now to enter into any arrangement 
with the Secretary of Interior after a preliminary contact with his office (Jan- 
uary 1956) relative to a joint venture agreement. Improvements have been 
made on the Vaptor and still of the Reams process since the first contact. 

The experiments in the laboratory on the Reams process have been successful 
using a 1,200 to 1,300 gallons unit operated from 4 minutes down to 1%4 minutes 
intermittently. The optimum result has been gained at the aforesaid minimum 
period of time, a 78 to 83 percent reduction in salinity in only 1 pass through the 
Vaptor. Higher efficiency can be had with minor design refinements. 

To produce 1 million gallons of potable water in 1 day, it is proposed to provide 
80 Vaptor units through which the raw water would be passed after removal of 
algae and bacteria and a process clarification, then to the secondary still fol- 
lowed by purification of water free from any deleterious substance in a self- 
flushing Dialyzer of the inventor’s design as interposed in the system. After 
this process pass, correction of pH could be made before all water is passed 
through a filter bed prior to storage and feeding into the distribution system. 

This Reams process further provides valuable brines 120,000 to 160,000 gallons 
from each million gallons processed. This credit can more than outweigh the 
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plant cost and process cost of the water treated. A rough estimate of 0.04 per 
gallon at plant site would yield $4,800 revenue per day. These brines can be 
reduced in Hooker cells of a chemical plant or used directly in treating titanium 
metal in reduction from its ores (Reams process) or in processing of petroleum 
products. This would be particularly applicable to Texas coastal area (from 
Corpus Christi to Port Arthur) or California (Los Angeles). 

At 40 cents per 1,000 gallons cost for the Reams process a million gallons of 
processed water would cost $400, less revenue of the credit item is 4,400 per day 
earned. The inventor is frank to admit other water processes do not provide a 
byproduct of value in the current industrial processes. There is no scale to 
contend with in processing water as in other processes, there are no membranes, 
just alloy wire, piping, and not-so-complicated equipment that can ultimately be 
automated readily. This should reduce by half the maintenance staff normally 
required to 3 persons under a supervisor. 

An estimate to provide a saline water plant to reduce to potable water supply 
for the city of Aransas Pass, Tex., was submitted in 1956 to provide 1 million 
gallons of water. At the time, the site was to be provided (22A), and the plant 
facilities and equipment was estimated to cost: 


With steel tanks 28 feet in diameter capable of storing the day’s pro- 


EC RIN INR, MR Si te iM cident irainllin tik Ama ARR TE RL 
With wooden tanks 28 feet in diameter capable of storing the day’s pro- 
a ia untanieneuineaindivedniainind- ores onsets 820, 000 


1 Fresh water and brine product. 


The byproduct brines were to be disposed of at nearby refineries or chemical 
plants. 

An 8-percent increase of material and labor cost over the 1956 estimate would 
give: 
I ah deans bn ali inept rein $1, 056, 240 
ar alk errs eehieibenmimmenenmmaatnren tie 885, 600 


Another specific instance that might be cited is a suggested scheme of using 
the Vaptor to remove salinity from river water used by the city of Dallas, the 
river contamination being due to dumping of raw brine pumped from oil wells. 

Another instance is the growing need of water for chemical plants needs being 
for more than double the present 9,700,000,000 gallons need by 1975 (Chemical 
Week, June 29, 1957). Present requirements and water lack dictate locating 
all plants away from industrial saturated areas with resulting lack of skilled 
labor in that particular area. Dependence upon ground water is hazardous for 
the levels rise and fall with wet and dry years. “State governments are taking 
steps to alleviate shortages—diverting rivers, building huge aqueduct networks, 
pipelines, erecting dams, and appropriating huge sums for treatment plants” 
(p. 23, Chemical Week, June 29, 1957). When one considers the practicality of 
these moves, the source water and the time and expense for availability and 
final utilization must be weighed against the final result. Economically, when the 
Reams process is considered, 9 months is the maximum time weighed against 
several years minima to provide these foregoing natural facilities. With 
90 percent of the chemical plants being built in Texas, time will not allow 
resorting to natural or ground water supply there to fill the need. Six 1-million- 
gallon plants of the Reams process could be used now in the Texas coastal area. 
For this reason, action on the bill proposed by Senator Case (S. 3370) to provide 
several plants is a must. In the writer’s opinion, Mr. H. D. Banks, director of 
Department of Water Resources, State of California, stated some startling facts 
at the Senate hearings relative to needs of his State. Also, Indiana, Ohio, and 
Oklahoma are inland States where the water pinch is now felt. Since the Reams 
process is primarily for sea water desalination, use in the States of California, 
Rhode Island, New Jersey, and Texas would alleviate the water shortage. 

Manufacturing facilities for the Vaptor and other units are being currently 
arranged so that the Reams process can be marketed. The process is one of the 
few with which Permutit compounds can be utilized readily and efficiently with 
utmost economy along with other pieces of standard equipment. 

The basic phenomena upon which the Reams Vaptor, primary unit in the 
process, is based, falls within the basic concept first expressed by Planck and 
Bohr; later by Goudsmit—having to do with electron behavior on its axis of 
symmetry. Later substantiation of the “H” nuclear moment was set forth by 
O. Stern, projected through a strong magnetic field having angular gradient. 
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Suppert of this can be based on Albert Hinstein’s findings in “principle of inertia 
of energy,” including the electromagnet, manifests the same inertia char- 
acteristics as material bodies; possesses mass “m.” Then, for a “radiating 
energy ‘E’ the value is calculated from the universal : H=mce’, as m=E/c’.”* 

One may assume further, based upon the concept by Dr. Jakob Mandeleker : 
“Dependence of the body on its energy content is incompatible with classical 
assumption of constant mass; i. e., independent of velocity.”* Herein is mass 
variability. Assuming this and known principles, magnetic effect of a current, 
in ergs, indicates the inventor has here applied to his process “mmf” to perform 
the work of separating substances in solution (anions and cations) in presence 
of magnetic forces. 

Upon the first explanation of his basic device to Assistant Director of Office 
of Saline Water (1955), an adverse report was given The device has since 
accomplished in a laboratory what the inventor anticipated it would do. Here 
is a new primary process differing in basic concept from all others, understood 
only by those having knowledge of the highest physical sciences. 

The chairman and members of the subcommittee are welcome to visit the 
laboratory in the near future if there is interest in the Reams process. We thank 
the committee and members of Congress for the opportunity of presenting these 
facts at this time. 


WASHINGTON, D. C., May 5, 1955. 
Hon. JoHN J. BELL, 
Member of Congress, 
142 House Office Building, Washington, D.C. 


Dear CONGRESSMAN BetL: I have very thoroughly checked the saline water 
conversion program and the third annual report, January 1955, of the Secretary 
of Interior. There has been a serious and concerted effort to promote many of the 
known processes and to test them. For the treatment of saline waters in large 
quantities, some of the ones being tested may never prove economical. A phase 
not mentioned that must be carefully weighed is that certain existing patents are 
applicable principally to the testing of waters for saliniy and potability. How- 
ever, the licensing of such might not prove to be practical. An evaluation of 
the methods being tested might be made so that relief can be provided for dis- 
tress areas now in dire need of water. 

The processes being tested that may prove applicable to the Texas areas are: 
one being checked at the University of California to use molecular oil films for 
large-scale low-cost sea water demineralization. The Texas A. & M. has the most 
practical on test. Some study might be directed toward the utilization of the 
waxes produced by Texas refineries, in their present direct approach. Other 
methods on test showing promise are large dializers. 

The preliminary patent drawings of my process have been submitted to the 
Chief of Division 48 (U. S. Patent Office) and there is no interference to his 
knowledge. It uses low-voltage current, magnetism, and a new concept in utiliz- 
ing some of the graphitic and refinery products is incorporated into the whole. 
However, I am doing no shouting from the rooftops unti! it is tested: There 
are several laboratories in this area equipped to do the work. I am presently 
checking into the matter. 

The Southern Pacific Railroad is providing maps and site locations for the 
proposed plant near Aransas Pass and Reynolds Metals have the waste tailings 
disposal from LaQuinta across from Corpus Christi still up for decision. 
There was a slight misunderstanding as to information that temporarily held 
up their decision, which I may expect in the very near future. They are dis- 
posing of this at present by dumping waste material out in the Gulf of Mexico, 
so I am advised. 

Your assistance in this matter is valued and much appreciated. 

Sincerely yours, 
CrINTon AuGuUST REAMs, 
Consulting Engineer. 


1 Matter Energy Mechanics, p. 2, Mandeleker, Philosophical Library. 
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LETTER From Earty W. Moore 


CHOWCHILLA, CALiF., March 20, 1958. 
Hon. Ciinton B. ANDERSON, 
Senator from New Mezico, 
Washington, D.C. 

Dear Mr. ANDERSON: Due to illness, I was prevented from accepting an invita- 
tion by Congress to state my views on desalting sea water. 

I am still of the opinion that the possibilities of windmills are being neglected. 
One prime consideration is, they use no fuel. 

New type windmills are now in production which will produce 100,000 kilowatts 
each. California has a few very fine locations for such. One is in Imperial 
Valley and another the Mojave Desert. 

Imperial Valley being below sea level would lend itself to the evaporation of 
sea water or the Salton Sea. Electricity could be transported to the San Diego 
area to be used for evaporating sea water to relieve that area’s shortage. Wind- 
mills in the dustbowl could prevent the tragic conditions of the past. 

The Mojave Desert could be used to send electricity to the ocean where it 
could be used to desalt sea water to be used in that vacinity, or it could be used 
to separate sea water into hydrogen and oxygen. Hydrogen being a very light 
gas would flow back to the Mojave Desert where it could be burned, producing at 
the same time the same amount of energy as was used to separate it. This energy 
would be in the form of superheated stream which in turn could be used to turn 
turbines to generate more electricity to separate more water, producing more 
hydrogen to produce more stream to turn more turbines. This method should be 
cheap enough for homes anywhere on the desert. 

This is very brief. To carry this out would require a corporation, Government 
participation, and sponsors. 

The cost of a pilot plant would be small compared to that of some of the 
proposals. 

Hope your bill can include an appropriation for a committee to complete data 
on such project. 

Yours sincerely, 
EARLY W. Moore. 


LETTER FRoM P. M. SLOANE 
OLYMPIC Hore, 
Los Angeles, Calif., April 4, 1958. 
Mr. Gooprich LINEWEAVER, 
Senate Interior Affairs Committee, 
Washington, D.C. 

DEAR Mr. LINEWEAVER: I just received a letter from my attorney in Wash- 
ington, D. C., Mr. Jacob N. Wasserman, who is taking care of another matter 
advising me to send to you and your committee the information of a sea water 
project I am connected with that eminates abroad. 

Enclosed is a clipping that briefly explains this process. 

The inventor who developed this marvelous process has received worldwide 
publicity regarding another patent along this field in 1956. His name is Alex- 
ander Zarchin. Resides in Tel-Aviv, Israel. 

I flew there last August to bring back with me what he had newly developed. 
This has now been patented recently; January 28, 1958, to be exact. He claims 
that he can, in volume production, bring the cost of sea water down to as low 
as 10 cents per 1,000 gallons. 

What we are aiming to do right now is construct a pilot plant to cost no 
more than $300,000 to prove this process. I have been in touch with top see 
water scientists in the West and they all concede to the fact that his patent is 
very novel and offers tremendous potential of what he claims. But to prove 
his claims we must first build the pilot plant because nothing has ever before 
been proposed with the novel claims the patent office has granted him. Because 
of its unusual features in claims, they were able to bypass the usual time it 
takes to issue a patent and grant him his in less than 1% years. 

I would like this letter to be on record to request the possibility of receiving 
this $300,00 from the Government for this project. 

Could you reply stating what would be the procedure to follow through from 
this point on? 
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Please reply at your earliest opportunity as I may decide to come East shortly 
and your answer will help me very much to shape up my program. Thanking 
you, 

Yours truly, 
P. M. SLOANE. 


SLOANE PRESENTS ISRAELI’S SEA WATER CONVERSION PLAN TO CALIFORNIA CITY 


A communication from Alexander Zarchin, Israeli scientist, whose method of 
converting sea water to fresh is being introduced in the United States, reveals 
that the pilot plant being constructed in Israel will be ready in 2 months. This 
was made public by “Peppy” M. Sloane, the American representative for the 
Zarchin Inventions Exploitations Co., Ltd., of Tel Aviv. 

Mr. Sloane, who has been presenting the scientist’s plans to California com- 
munities, recently addressed a meeting at city hall, Imperial Beach. The ses- 
sion to consider the conversion process was attended by Mayor Cecil H. Gun- 
thorp, City Manager Al M. Carnesciali, Col. L. W. Maly, USA retired, and 
Mandley P. Sturdy, general manager of the Imperial Beach News. 

Mr. Sloane described the Zarchin process as one of freezing, using standard 
equipment that is fully automatic and provides for no byproducts, the residue 
being returned to the ocean. 

The smallest pilot plant which could be enlarged by the addition of more units 
would cost $285,000 according to “Peppy” Sloane. This would produce approxi- 
mately 250 million gallons of water per year at a cost of 50 cents per thousand 
gallons. This compares with water now being delivered locally to customers at 
the rate of 44 cents per thousand gallons, it was pointed out. 

Mr. Sloane stressed that equipment for the process could be built up to such 
an extent that water could be provided at a cost of about 10 cents per thousand 
gallons. 

Further meetings following study of the plants and consideration by the city 
council of Imperial Beach were indicated. 





Marc8 8, 1958. 
LETTER FROM BRYN BEORSE 


Senator CLINTON P. ANDERSON, 
U. 8. Senate, Washington, D.C. 


Dear SENATOR ANDERSON: You may recall our correspondence a couple of 
years ago about your atomic energy sea water conversion interest which I 
though should be brought to the attention of the unique committee on sea water 
conversion at the University of California. This committee is unique in the 
sense that it is established and draws its personnel from the first University or 
institution of any kind in this country that took up a serious study of sea water 
conversion, backed by practical tests. Especially the committee’s chairman, 
prof. Everett D. Howe, the outstanding expert on sea water onversion in this 
country and Dr. Edward Teller, the committee’s nuclear science consultant, 
would have benefited from acquaintance with your project and would in turn 
have benefited it. 

In 1949, when I returned from France with information on the thermal differ- 
ence system of sea water conversion which the French had worked on for decades, 
I believe I was in touch with most people in this country interested in the gen- 
eral problem both in Washington, D. C., and at scientific and industrial research 
bodies throughout the Nation. The National Bureau of Standards in Washing- 
ton, D. C., built, on my instigation, two small thermal difference plants which 
I understand were instrumental in making Congressmen vote into existence the 
Saline Water Office of the Interior Department, which Office has done fine work 
and the best it could with its limited means and personnel, but of course never 
could command the broad scientific knowledge of the large University of Cali- 
fornia, which has kept its lead in the field of sea water conversion. 

It greaily pleased me to hear of your Senate hearing on the subject of $10 
million to be granted for demonstration plants for sea water conversion. I 
trust that this will be a broad and useful hearing that may bring about a 
thorough sharing of scientific data so the taxpayers’ money in this matter will 
be efficiently utilized. Despite scattered efforts there has been no such complete 
sharing of information so far. As a minimum such a hearing would have to 
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include Prof. Everett Howe of the University of California; Dr. Edward Teller ; 
Dr. Columbus Iselin of Woods Hole, Mass., our greatest authority on the oceans, 
employed by all armed service branches on structures in the ocean and besides, 
a keen observer of the various approaches to sea water conversion—and of course 
myself, whose benefits to such a hearing I can hardly count. 

The thermal difference system, I believe, was the first to be offered as a basis 
of a large conversion plant in the plan so far sketch offered by the University 
of California. The cost of water from such a plant would be less, much less, 
than any suggested by any other scheme so far offered and based on sound esti- 
mates. But this in no way singles out the thermal difference system as the 
best or only approach. Rather what should be sought at the hearing is a com- 
bination of present promising approaches to produce the best possible synthetic 
result. With this in view the University of California approached the Atomic 
Energy Commission as early as 1952 and has had a good deal of correspondence 
with the Commission about a combination of atomic energy with one or more 
of the new approaches to the specific problem of sea water conversion. With- 
out such a combination of thorough knowledge of the sea water conversion 
approach combined with a knowledge of nuclear techniques a satisfactory solu- 
tion cannot be found. It is not sufficient to have consultants in this matter who 
have a good name in some branches of science. Such persons can make serious 
and tragic mistakes as evidenced in articles and a book written on sea water 
conversion by otherwise eminent scientists. 

In addition to American scientists it is my contention that the Senate should 
ask certain foreign scientists either to this present hearing or to a later one 
to be planned now. Among them should be Mr. C. H. Beau, the leading French 
expert on the thermal difference system, who has a vast amount of knowledge 
that is not shared by any American including myself although I was the first to 
visit the French in 1949 and last year spent months with them in Europe and 
am in constant correspondence with them, in their own language, up to this date. 
Also I believe certain Dutch and South African scientists should be called who 
have brought to greater perfection and lower costs of water than any American, 
the system promoted by the Ionics, Inc., in this country. 

The above is written with the urgent hope that the hearings you are about 
to begin will be on a broad and genuinely scientific basis so they may lead us to 
construct the best possible demonstration plants based on our present stage of 
knowledge so that the taxpayers’ money will give the returns that we have a 
right to expect. 

Sincerely yours, 
3RYN BEORSE. 


Lerrer From Ricuarp A. HARVILL, PRESIDENT OF THE UNIVERSITY OF ARIZONA 


UNIVERSITY OF ARIZONA, 
OFFICE OF THE PRESIDENT, 
Tucson, Ariz., March 13, 1958. 
Hon. Cart HAYDEN, 
United States Senate, Washington, D.C. 


Dear Senator HAypEN: I am sending under separate cover 50 copies of a 
report that has been prepared by Mr. Sol D. Resnick with reference to Senate 
Joint Resolution 135 which would authorize a full-scale saline water demon- 
stration plant. I understand that hearings will be held on this matter on 
March 20-21. 

A special statement by Mr. Resnick, hydrologist with the University of Arizona 
Agricultural Experiment Station, together with the basic information pertain- 
ing to the saline condition of the underground water and the agricultural re- 
sources, production and problems of the Safford, Graham County, area will 
support the general conclusion thta the Safford area would be a good one in 
which to locate the demonstration plant. 

Perhaps a member of your office staff can get the material that I am sending 
to you to Senator Anderson for his Committee on Interior and Insular Affairs. 
The university is pleased to furnish this information. 

Sincerely yours, 
RicHARD A. HARVILL. 
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STATEMENT OF Sort D. Resnick, Hypro.oeist, UNIVERSITY OF ARIZONA 


The Gila Valley around Safford (see fig. 1 for location) is an excellent site 
for the proposed United States Government plan for demineralization of brackish 
water for the following reasons: 

1. The Gila Valley around Safford, which was first settled back in 1872 and 
now has a population of about 13,000 people, has 35,000 acres of land under irri- 
gation. About 133,000 acre-feet of water is used for irrigation, of which about 
one-third or 43,000 acre-feet is diverted from surface water sources; mainly the 
Gila River which flows through the valley, and two-thirds or 90,000 acre-feet 
is obtained from 640 wells in the valley. 

The salt content of the well water, for example, on the University of Arizona 
Experiment Station near Safford, varies from 2,148 to 4,091 parts per million 
(see table 2). Table i and figure 2 indicate that water containing a salt content 
over 2,100 parts per million is unsuitable for irrigation. 

2. The practice of using surface water when available and well water as 
necessary enables the irrigators in the Safford area to obtain crops. However, 
the yearly agricultural income of about $6,200,000 (see table 5) is estimated to 
be from 20 to 25 percent, or about $1,500,000 lower than it should be due to 
the required use of brackish water for irrigation. 

3. Federal ground-water authorities (see appendix) all agree that the highly 
mineralized ground water in the valley would ordinarily be considered unfit 
for irrigation and continued use may result in damage to cropland. 

4. Cooperative research between personnel of the Agricultural Research 
Service, United States Department of Agriculture, and the departments of 
agricultural chemistry and soils and agronomy. University of Arizona, is being 
conducted to determine the effect of river and well water on soil structure, 
salt accumulation, and crop production at the Safford Experiment Station (see 
table 6). The research is pointed toward making the best of a bad situation; 
namely, obtaining maximum yields possible when brackish water is required in 
the irrigation program. 

5. The University of Arizona Experiment Station near Safford would be an 
ideal location for the proposed plant as the brackish water problem on the farm 
is typical for the valley, university personnel could cooperate fully in the project, 
and pumping installations and required space would be available. 

The officials of the Salt River Valley Water Users’ Association feel that the 
field demonstration of the purification of brackish water conducted by Ionics, 
Inc., Cambridge, Mass., at an irrigation well site owned by the Buckeye Irriga- 
tion Co., Arizona, under the jurisdiction of the Office of Saline Water, United 
States Department of the Interior, and as reported in report No. 11, Office of Sa- 
line Water, was successful insofar as the salt content of the water was reduced 
from 4,000 to 250 parts per million. Water with 250 parts per million of total 
salts is, of course, excellent for irrigation. However, as expected, the water pro- 
duced was too expensive for use in agriculture. 

The Salt River Valley Water Users’ Association officials further feel that 
full-scale trials using improved equipment should be tried, and they are in full 
agreement with the university regarding the proposal for a plant for Arizona. 

Chemical analyses of water in wells on farms in the Gila Valley near Safford 
are given in tables 3 and 4. 
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FiGurE 1.—LocaTION OF GILA VALLEY AROUND SAFFORD, ARIZ. 
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FIGURE 2.—DIAGRAM FOR USE IN INTERPRETING THE ANALYSIS OF AN IRRIGATION 
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Taste 1.—Measuring quality of water 





| 
Rating Class Salt content, parts per Sodium content,! percent 
million 
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1 Sodium content: Sodium and potassium ions as a percentage of total basic ions. 
Source: Table by Thorne and Thorne adapted from Wilcox, 1948. 


TABLE 2.—Analysis of well water used for irrigation at University of Arizona 
Safford experiment farm 


University of Arizona station well 


























Date | | 

Ca Mg | Na Na Na-Ca |Total sol- 
uble salts 
a ¥ | tae i! 
Parts per | Parts per | Parts per | Parts per| Parts per 

million million million Percent | millio: million 
i iitnetionnshbedeeoeiiantans 120 | 17 75 81 | 4.8 2, 148 
a wanna 135 10 | 943 87 7.0 3, 147 
| ERE ES RIE 187 15 1, 403 87 | 7.5 3, 957 
iiivbnaccndiedieunqusnsvessaper 181 34 | 1, 172 85 | 6.5 4, 091 
sd. albibougeabicnthhd 167 4 1, 150 87 6.7 3, 671 
tne nmaheencn abt 263 15 782 7 3.0 3, 150 
SEL Ah vdccipueeveteteneeceundee 225 7 575 71 | 2.6 2, 273 
i dcidodcscsntendene plsltbeanbai 233 15 1, 150 82 4.9 4, 039 
0 oS eee 339 11 1, 058 75 | 3.1 4, 085 
PER canghetnwasadeuncnscncson al 159 23 1,172 86 | 7.4 3, 995 
ee ee eekecsuwe ia 120 12 1, 0&8 | 8Y 8.8 3, 364 
le Rndnadcdenaegnenginndeooes 211 12 1, 058 88 5.0 3, 534 
OES? Ee ee ; 126 43 460 | 73 3.7 2, 721 
orn occ ccnddesteubibas wis 100 23 943 | 89 9.4 3, 072 
ie i catrinndbiehewesaiued 153 39 851 82 5.6 3, O71 
April 1955........- eset iii ee waasindhnetines 112 32 1, 058 88 | 9.4 3, 469 
li cal cis 110 22 | 1, 128 89 | 10.2 3, 647 
ih Bs acs ccumeindadat inne cau 108 29 1, 150 89 10.6 3, 706 
Saisie exesionpian Sccicmeiab ndinkgeios Sorcha 159 19 1, 058 86 6.7 3, 558 





mS 
_ 
N 


L191 ‘8 
602 ‘Z 
060 ‘9 
6zo'2 | 
600 ‘*¢ 
oes% | 

8 


WATER OONVERSION 


L6 
GPL * 
£96 ' 


vi 


SALIN 
g 
g 


NGA NAH Sid I od 
= 


OCA HMOABtANWDW 
_ 


rin 


on) 


881 Z 


Ser 1 
080 ‘% 


| SI¢ ‘T 


669 
OFT 
496 ‘I 
ZH0 % 
ble Z 
998 ‘T 
12z 
Orr I 


6£E ‘T 





L161 09s | 
ar 46 | 
9 gig | 
Ez ree | 
og OFT 

16 ZPI 

z SF 
61Z sO 
zez Cj oe 
| 6&2 iz 
902 | OO | 
9 | 1@ | 
Ze 89% 
61 £ 
ost | 2 P: 


O18 
ogg 


001 'T 
000 ‘T 


O8F 


ZE% 
| OF8'T 
OF6 ‘I 
00% ‘2 
O8g ‘I 


SZ 


| SBL 


49 





0F6 ‘€ 
00% “1 
0G *Z 
009 “€ 
ose * 
006 

6 

OP ‘E 
aor “E 
Gog 
62F “% 
20% 

190 % 
Oge 

119 % 





22g 
ZI 
BLY 
eZg 
Sil 
eZ¢ 
£8 
Les 
ZES 
L¥ 
6SF 
9ST 
92Z 
PEL 
06g 





seul0y,L Woy 
-s9y998q,L 


===" 9u0FeU,L 





sys 


afqnyos | tO-eN 


[ROL | 


PRL OTR END TR ar 











ree 4 


| 








fipursia pup “zap ‘psoffog woul sazom punosb fo 


(8 ae I 








JepiO UA ‘HM 
--#*-gp--=- 

~~" AIg “HW 
__42piQ UBA "HM 
to eT PlAeq ‘f¢ 
~~ “40[ABL “VD 


““U071VAQ PAO ‘SIV 


-==-Opt> 


+o =2-22++----=-Qp- 


Se eae! rsre@pr- 7 


nate y SOW ‘d AL | 
a Te syleqoy Ayyo10q ‘say 


~~" $030 “dL 


~""""""TOsuyIMIS “AW 


oe Apooyw “1 “a 


JIUMO 


sashijpun (Lgg] fijjsow) quaay—¢ aTAV | 








“guoziiy JO AjIsIOATUL) ‘BTJOs puw A1ysTUIEYd Jo JUSUIZIBdap Jo A1O}eIOgGe’] :aINnog 


10689 
00689 
66889 
88889 
SSPs9 
9TER9 
18669 
28669 
T8669 


| 08669 


62669 
82669 
SZL69 
EP69 
89869 


‘ON 


sIsApeuy 


15 


642—58—— 


2 
«0 


9 





SALINE WATER CONVERSION 


220 














‘6b6{ 4equIesON ‘G2zz “TING UONVIg JUeUTIedxg PeIA[NI[IZYy vuOZy jo AyissaAyUY) -eoINOg 
990 ‘% OSI | 669 II e¢ 2% 08% 086 ites ie reads Meas anceet caked Se ee en ee ae eee op--**s 6E9Z9 
rig ‘% 6 2 8 £8 1% S&Z SE Site nelivatchers = 2: oe ee et EM ee rn oer en eee op--~-~ Leeze 
€6L ‘% OI | 996 8 €8 6% OIZ fet ees as Ss Se ee me ee ee 5 9E9ZS 
os9 0°22 | 912 ¥ 8 6% SLI 9ST Z21 aes a es op--~-- geezs 
200 0°48 | #02 ¥ ~ ¢% o0e 0z8 991 a tae a ate Ujeg ULLIO | Secs 
189 ‘T Z0° ol 8 org 8° os¢ OeF SLI A tn en ere eae SpooM | LI9T? 
8¥9 ‘T 0 z &% ee¢ 6° 00% 098 Rg i ee en ee Stu “SLL | ATI pedyoyanyy | 9eizs 
699 09 6L1 0 0g 6 008 zo 86 et. Fo ee ee ee ABMOSpTY JOPIY | 08679 
690 ‘T O'Ir | 9ee 0 of 9 892 508 vel ee ee 2? ¢ we fe & 3. | dee JajU0d.IBH UBULION | 186Z¢ 
196 ‘€ CS‘ 60% ‘I | SI 281 98 ‘I Sle ose ‘I | ozo cone en ee. en a op----- Zorte 
Isl Z 8% ogg ZI Iz 8'I 19% 9F9 ee (ee ee es eas... eee op----~ O86 
gee ‘T tI 192 ce et aed Sb SbF ee ene eee een tenes ne hs se Oe ee 691LF 
£9 ‘b o's zw t | 0 SZ 9¢ 6SF ri re ee See ete eee To ae en Tee op ?*"~ ZHPEs 
ZsI Z 6°9 19 8 BS he tee Oz 119 1z¢ ee Seer eee 726 2'Si Lewes UWLIB] BUOZIIY JO AYSIOATUH | S9IZF 
$18 ‘I £@ 68F ¥ 881 9°T Z0Z 18? ecr ee en ee tees [ies WOSUeARIS “MA “N | oopec 
292 ‘% S'L Tez II 86 ZF 0Sz OIL ‘T | 6¢ ee ee ee cg eta er eee ae = oeer¢ 
229 ¢° 09 + 0ZI 2% 002 OFT 6h A cinren i eneeaed oie cane tmeee MIM on cn nnn ee 93009 | 6zgI¢ 
eee SF * LI & se + L I iy. aM oe Me SW te oe oh ok Sore "S0i.6 oe) Terr pron opi?“ 6SZ9F 
8cF Ly ee SI 2 + g Lt RE ato, siepe oo Se ee ee ne ae eee Ajddns 1038 
Le, 8° ce st oF a Or oe 3 > Se a ct, ca eens i eg Ayn pedyunyy | LO 
SL2 2 09 80 ‘% | OFT 89g 980 StF oss F | OL ES Gl eeapaeen aoa Oia wee) nnn Uospreqory “M “A 
981 fT 002 | Set z 8 Slt 008 +69 eL ie eee ee ee enon no eee i | 6eeTs 
SLI ‘T 0% | 6ge g SI ee 00g oe 191 000 ‘T a PE ee ee ee ran ee ae seers 
g19 0% gg ¥ 8 SL‘e SlZ #8 giz | ME yeep peg ecegiegt sarees. a ee nana conser Cree er" Legis 
OLS ‘T 0°62 | 82 r gt Ze 00g 802 OL Se rents et ee ee ge an ee ee ee eee os geets 
£29 ‘T O'Or | 9e¢ y ze 6% GlZ 089 €8 ee een rr ora eee eee eens ee ee os gests 
£40 7% 8'T ore 8 eto SZ +08 998 ot [er Sari eee Te SR Dineen “PISNTETAASET TS POTN eprct" pee#ls 
028 ‘T 60° 68 9I Oct gL‘ 008 Ost £62 Sentero saasatensnn See es ae ees SILIOW “A 981004) | eeelg 
289 | 8°2 F6I Zz SZ Zs FEI FI 80Z |—OUBR ee esr: G92 ‘H “S 8 ‘WL ‘Ze 00g |-------- veateeans ee Ag[2e@NOW “V¥ “O | 96064 
CHL ‘% 8F FEL 2 2ST 8't 00g 086 Sze +8 “a a es ae ee) Sipe tai | . eats Z80rs 
92 ‘2 ¢'9 Le9 Il 86 LT ole oro +oF 16 +o ne a ee ee nnn enone | a Os0rg 
P6L oI | 91Z * oe ae ¢8I r61 O8T —sf: Coen ee en a no anne ee eee ee S8II¢ 
618 ‘T 04% | 60F 8 ST rr oe 02% LIZ eae ete a 8% “UH ‘8 OL “WL ‘9g “908 |----~ --quOMstsT “HST 9€Z09 
CEL OSI | 82 0 SI 9% ost ZLt POI 601 Seat a a ee nn ere er eee nee — zeele 
vIF ‘T O'l% | 88F ~ 2 ce SLI 029 | 146 ggg “oo SEN anata testa apeiron mniD "WM | Teer¢ 
916 ‘9 £62 | 19% | 8% +8 °F 046 a Pe nocehoe aeinetane kee ee ee ee font on on eenessessenrenn ts ae e962 
£98 'S 618 | 2207 | gg 0% PPL 089% | #92 ate ee ee G9 HU ‘SLL ‘St “00g |------~ <a eeeeneen tees PIOPHO Peid | SI6LP 
86% ‘T te Ze oe OI oe 008 ez ey + Sere ee ee te nn [oe wea ees eee pared “a jenureg | Soler 
woT[[fur Jed Sze 
(79J) ‘ON 
yidep 01} 800'T I0UMO sishjuuy 

aqnjos |} 8O-BN| BN ‘OOH | TM 





T8701 





a RN 


peetnus : ~ 


SALINE WATER CONVERSION 291 


TABLE 5.—Estimate, by Department of Agricultural Economics, University of Ari- 
zona, of value of agricultural products in Graham County for 1956 


Item Value 
Oobtee Sek ane cotta oe. arerenasemepeinie $4, 212, 000 
CR EE I sinister al mig aca aaa en ieee eee aml 580, 000 
Lettuce and other vegetable crops___..----------~-- Saigiinw ei alahie~anend ae 67, 000 
Grains, commercial feed___--~-- sick ed ie -ceipdagmmemae idealism a 373, 000 
Ty TOR hin cece wh eee enn iene nee eraae 774, 000 
Alfalfa and other hays..___-..---------~-  cekeoing inate tegeaaiimaaramaiee 396, 000 
ROOT I, I NOOR tng een snares asin a eee aaaeaes” ~ “taeda 
CE 1 etc had i sh beaten eneciapenenaniectcwne  aneaaeeen 
ee, eens 6h POOF Ra ai Beige cance nn ceenioenene 63, 000 
a ON ancora aaa gman cerenbni gnats ena aie _ 48, 000 
Miscellaneous crops, including wheat and grapes__._-.----------- 64, 000 
Miscellaneous livestock and livestock products_.__...._----.------- 134, 000 
Fodiwel Govennees: payments...  eeee 73, 000 

Mer Fe Sa a a iciie ei ieee. o5 ek 6, 803, 000 


Nore.—About 90 percent of the production in Graham County estimated to be in the 
Safford area. 


TABLE 6.—RESEARCH PROJECT AT SAFFORD EXPERIMENT STATION 
UNIVERSITY OF ARIZONA AGRICULTURAL EXPERIMENT STATION 


Department: Agricultural chemistry and soils, and agronomy and range 
management. 

Project title: The effect of irrigation practice on salt accumulation and crop 
production. 

Subproject : Effect of river and well water on soil structure, salt accumulatoin, 
and crop production at the Safford Experimental Station. 

Personnel: W. H. Fuller, D. F. McAlister, Karl Harris, and Leonard Erie. 

Funds: State research and regional research. 

Location and acreage: Safford Experiment Station, field D, border 1 to 36. 

Objectives: To compare the influence of well water and river water on crop 
establishment, yield, salt accumulation, and physical properties of the soil. 

Procedure and materials: (Outline procedure here; detailed schedule may be 
appended on separate sheet ; notes and records to be taken). 

The overall procedure will involve the use of combinations of well and river 
water in an attempt to maintain maximum crop production. In addition, an 
attempt will be made to evaluate the basic soil and water factors which control 
seedling emergence, stand, and crop yield. Such physical properties as water 
infiltration rate, bulk, density, modulus of rupture and chemical properties as 
total salt accumulation, total exchangeable sodium content will be evaluated 
in relation to the soil and water management treatments. Crop studies will 
include the determination of seedling emergence, stand, and yield. 

The individual treatments will be as follows: 

1. River water as necessary for growing the crop (cotton) ; supplemented by 
well water if necessary. One acre-foot river water applied in the preplanting 
irrigation. 

2. River water as necessary for growing the crop; supplemented by well 
water if necessary. Two leachings with river water, 1 acre-foot each, one 
immediately after cotton harvest and one at the time of the preplanting 
irrigation. 

3. Well water as often as necessary for growing the cotton crops ; one leaching 
of an acre-foot of well water applied as the preplanting irrigation. 

4. Well water as often as necessary for growing the cotton crop. Two leach- 
ings with well water, 1 acre-foot each, one immediately after cotton harvest 
and one at the time of the preplanting irrigation. 

5. Well water as often as necessary for growing the cotton crop. One leach- 
ing (1 acre-foot of water) with river water as the preplanting irrigation. 

6. Well water as often as necessary for growing the crop. Two leachings 
with river water, 1 acre-foot each, one immediately after cotton harvest and 
one at the time of the preplanting irrigation. 
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Field layout—Safford Eaperiment Station, field D 


























Title of experiment 
- st Kind of water} Number of Kind of | Repli- 
for crop leachings leaching | cations 
Border No. Feqgquaems irrigation water 
| VO. 
| 1 | River. _. 1 | River-. 
-| eR 2 |..--.do-- 
2h Sk 1 | Well__- 1 
| get of BAe ™ 
} Oe 1 | River. _- 
Cee. 9 hice do. 
2 | River x 2 ..do 
..| 3} Well. _----- 1 | Well 
| 6 .d0__... 2} River 9 
1 | River... 1 _do.. 4 
4| Well me = aptaee 
5 | .do 1 | River_-. 
| 3 ..do.. 1} Well. _- 
6 do. 2 | River. _- 
| 2 | River 2 j.....do.. 3 
| 5 | Well.._. 1 |.....do_. 
1 | River--_- 17. ee 
4 | Well | 2) Well 
St oe eet 2 — 
20. 5 .do 1 | River. _- 
erates. og lS ee ee 1 | River... 1 .do 4 
2 .do 2 .do_. 
EE chit cin menabicn coaiemions 6 | Well 2 .do 
sh esi  chelids. Uh | 8 lesan. 1 | Well.. 
jek. 5 Gain 1 | River-.- 
26... 1 | River--. 1 .do 
Wace 245 } 4) Well... 2| Well 
PS ts ae es 2 | River--. 
, | Eee sak 1 | Well _-- 
Eiecbaxe 2 River 2 | River--- 
ee 6 | Well 2 |..--.do 
Tew cnn sdi's vibe ve 4 ...do. 2| Well _-- 
SCL Soo ninadtnekaauiiedns ems 5 do 1 | River_.. , 
i ih a i ll 3 |__...do 1} Well F 
35... 2 | River.._...- 2 River | 
36... 1 -do.. Ab npthtaneniat al 
| 
APPENDIX 1 


HIstTorRY OF RESEARCH REGARDING QUALITY OF WATER IN SAFFORD AREA 


During the past 20 years or more, the chemical quality of available waters in 
the Safford Valley has been the subject of investigations by several Federal and 
State organizations. The more comprehensive publications on water resources 
and quality in Safford Valley are listed in the references. Analyses of 49 ground- 
water samples collected in 1933-34 in the Safford-San Simon area were reported 
by Knechtel (1938). During the period 1940-44, more than 4,000 samples were 
collected in Safford Valley; their analyses were presented by Hein (1950), who 
observed that ground water from recent alluvium in the valley (between Solo- 
monsville gaging station and Calva) contained total dissolved solids ranging 
from less than 500 to more than 10,000 parts per million, and that water from 
the deeper Tertiary and Pleistocene Valley fill contained commonly more than 
1,000 and in places more than 14,000 p. p. h. of dissolved solids. 

Also, in 1943-44, the Water Resources Division of the United States Geological 
Survey made an intensive study (using chemical methods in part) of use of 
water by vegetation in the valley (Gatewood and others, 1950). Analyses of 
nearly 1,000 ground-water samples were tabulated by Morrison and others (1942). 
Analyses of 36 samples from the Safford-Thatcher area, published by Smith and 
others (1949) are tabulated in table 4. 

Statements by several workers, regarding quality of water in the region, are 
as follows: 

(1) Knechtel, 1938, page 218: “The 49 (water) samples examined are mainly 
sodium chloride, sodium carbonate, and sodium sulfate waters and are rather 
highly mineralized * * *, Sodium is the chief basic constituent of 46 of the 
waters. Chloride is the main acid constituent in 32 of the samples, carbonate in 
12, and sulfate in 5. The concentration of these 3 acid constitutes is rather 
high in nearly all the waters.” 
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(2) Turner, 1946: “Most of the ground waters of the basin are classified as 
“good to injurious’ or ‘injurious to unsatisfactory’ for irrigation because of their 
dissolved matter. If waters of these classifications are used for irrigation, they 
should be used with caution, to avoid damage to soils, and crops.” 

(3) Hem, 1950, page 3: “Much of the ground water pumped in the Safford 
Valley is so highly mineralized that it would ordinarily be considered unfit for 
irrigation, and the continued use of large amounts of highly mineralized ground 
water in the valley may result in damage to cropland.” 

(4) Feth in Halpenny and others, 1952, pages 51-52: “The chemical quality 
of waters in the Safford Basin constitutes one of the major problems of water 
supply in the region.” 


APPENDIX 2 
HISTORY OF DEVELOPMENT AND EXTENT OF IRRIGATED ACREAGE IN SAFFORD AREA 


Irrigation in Safford Valley was begun about 1872 by Mexican immigrants and 
Mormon pioneers, using diversions from the Gila River. By 1899, about 20,000 
acres were under irrigation (Newell, 1901). Acreage increased until about 1920, 
and remained fairly constant thereafter at about 32,000 acres. Estimates of the 
number of acres under irrigation in Graham County for the years 1940-57 have 
been published in bulletins of the agricultural experiment station, University of 
Arizona, and are tabulated on a table shown below. Essentially all of this acre- 
age is in the Safford Valley. 


Irrigated crop acreage for Graham County 


Year: Acres Year—Continued Acres 
I ite ciate aadinesas ascent 33, 000 1 ss... ei a. 35, 000 
DRS Cinvtthinbinn thts nein ctti tet 33, 000 2OG@ a. Jt dk. Se 35, 000 
FG vais Adin tencctstachididbnctiaalt, 33, 000 OG ais 2... eee t. eels 33, 500 
TI siete lat 33, 000 IDB «. ocecrcseamaciteree ae 36, 140 
TER ck min titania eke 33, 000 Me tiiest) athe 42, 000 
CS Ne ae 35, 000 1006 2c Lea Bee 
Fe cn wetapephnien iat cles cantina gs OR seek eee 35, 000 
i a i id 35, 000 10602 et cus See eee 
SI chine tite chia ia at inal 35, 000 NG Otic cosets aoe Jee 32, 000 


Source: University of Arizona Experiment Station bulletins. 


APPENDIX 3 
HISTORY OF IRRIGATION WELLS IN SAFFORD AREA 


Drilling of irrigation wells in Safford Valley was begun about 1938. By the 
end of 1940, about 150 irrigation wells had been drilled, of which 120 were active 
(Gatewood and others, 1950, p. 8). By 1944 there were 215 active wells from 
which between one-third and one-fourth of the total irrigation water was being 
pumped (Halpenny and others, 1952, page 64; 66). In the summer of 1952, there 
were about 580 active wells, and in 1957 about 640 wells. 

The ground water, which is generally highly mineralized, either is used for an 
occasional supplemental irrigation, or is mixed with river water of better chem- 
ical quality. During drought years, such as some years between 1946 and 1953, 
the quality of water problem for irrigation is accentuated because the mineral- 
ization of ground water in the recent alluvium is closely associated with runoff 
in the Gila River. When runoff is high, the ground-water reservoir is recharged 
largely from river water which is relatively low in dissolved mineral matter ; 
however, when runoff is low, a greater proportion of ground-water recharge is 
from highly mineralized infiltration from canals and irrigated fields. In addi- 
tion, the drier years demand more ground-water pumpage, as indicated by the 
increased number of wells drilled without a corresponding increase in irrigated 
acreage. 

The annual amounts of water withdrawn for irrigation from ground-water 
pumpage and surface-water diversions during the period 1940—56 are tabulated 
on following page. 
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APPENDIX 4 


Dwwersions in acre-feet for Safford area 











Ground- | Surface- | | | Ground- Surface- 
Year | water | water Total Year water water | Total 
pumpage | diversions i] | pumpage diversions 

rer prettier fe eaten 
1940......__.....| 24,600} 99, 693 | 124, 293 || 1949 | 40,000 | 167,790 | 207, 790 
NS. secs bel 8, 685 151, 300 | 159,985 || 1950....-_.. 90, 000 | 68, 504 | 158, 504 
1942. ___ | 18, 900 | 172,005 | 190,905 |; 1951__-- | 125, 000 26,400 | 151, 400 
1943____- 35,000 | 121, 569 | 156, 569 | 1952.___ | 1-70, 000 | 199" 500 | 199, 500 
1944____ 52, 000 | 128, 027 | 180, 027 1] 1953 _ - 1 120, 000 | 39, 300 | 159, 300 
a 7 | 35, 000 | 148, 675 183, 675 || 1954___- ! 90, 000 80, 200 | 170, 200 
1946___. | 115, 000 | 69,909 | 184, 909 || 1955 1 90, 000 | 86, 000 | 176, 000 
1947____ | = 100,000 | 51, 978 | 151,978 || 1956... 190,000} 42,800 | 132, 800 
1948____ Boe 110, 000 | 39, 848 | 149, 848 1 | | 


| 


je figures from Halpenny and others, 1952, and records of the Ground Water Branch, 
JSsas. 
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(Senator Anderson subsequently ordered the following letters to be 
printed :) 


LETTER FROM THE SOUTHWEST WATER LEAGUE, LOS ANGELES, CALIF. 


Tuer SouTHWEST WATER LEAGUE, 
Los Angeles, Calif., April 10, 1958. 
Re sea water conversion 
Hon. CLINTON P. ANDERSON, 
Senator From New Mevzico, 
Washington, D. C. 

DEAR SENATOR ANDERSON: As the chairman of the subcommittee on Irrigation 
and Reclamation, you will be interested in some factual data relating to the 
cost of Colorado River water for the city of Los Angeles since the Metropoliton 
Water District aqueduct was completed in 1941. 





' 
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Water officials of Los Angeles say that water from the Colorado River costs 
us only $20 an acre-foot, the sum paid by the city water bureau to the Metro- 
politan Water District. The aqueduct to the Colorado River cost $220 million. 
Down to June 30, 1956, taxes were levied on Los Angeles property in the huge 
sum of $144,739,953, and on property within the Metropoliton Water District 
taxes levied were $254,325,691 to pay interest and principal on the bonds, with 
an unpaid portion on the bonds being $186 million. 

Spreading the cost per acre-foot used by Los Angeles from 1941 through to 
June 30, 1954, with $20 per acre-foot paid by the local water bureau to the 
Metropolitan Water District, plus $1,220 taken from taxes, equals $1,240 per 
nere-foot. Down to June 30, 1956, with increased consumption the last 2 years 
of that period, the cost is $955 an acre-foot. Our city controller confirmed 
my belief that, with increased consumption to full capacity of our city’s 
allotment from the Colorado River, it will be at least 100 years before the cost 
per acre-foot can possible be brought down to figures now used by the local 
water board; and by that time we will be able to rent our outmoded 300-mile 
Colorado River aqueduct to Walt Disney for “Tours with Alice to Waterland.” 

The facts presented herein (down to June 30, 1954) were included in my 
testimony at the hearings before the special subcommittee of the Committee 
on Government Operations in the House of Representatives, December 8, 
1955; and I hereby grant you the privilege of entering the contents of this letter 
in the report of your recent hearings relating to the cost of sea water conversion 
for domestic and other uses. 

As president of the Southwest Water League embracing 48 cities in southern 
California I have been active in proposing conversion of sea water for domestic 
use. I urge your committee to recommend construction of a test plant on our 
California coast where the need is greatest. 

Sincerely yours, 
ANDRAE B. Norpskoe, President. 


LETTER FROM THE NATIONAL SCIENCE FOUNDATION 


OFFICE OF THE DIRECTOR, 
Washington, D. C., April 21, 1958. 
Hon. JAMES EK. MURRAY, 
Chairman, Committee on Interior and Insular Affairs, 
United States Senate, Washington, D.C. 

My DEAR SENATOR Murray: This is in reply to your recent letter requesting 
the comments of the National Science Foundation on Senate Joint Resolution 
135, providing for the construction of a full-scale demonstration plant for the 
desalination of sea water. 

The possibilities inherent in practical desalination of sea water are extremely 
important both in the United States and abroad. We are familiar with the 
program of the Department of the Interior in this field and believe that it 
should be encouraged. 

It is our understanding, howeevr, that to date, no process has been found 
which is capable of utilizing a full-scale demonstration plant in this country 
which would provide water at competitive cost. Under such circumstances, 
eventual progress with regard to practical desalination of sea water would 
probably be more effectively furthered by research and pilot plant operation 
rather than by building a demonstration plant. 

Thank you for giving us the opportunity to comment on the bill. 

The Bureau of the Budget has advised us it has no objection to the sub- 
mission of this report. 

Sincerely yours, 
ALAN T. WATERMAN, Director. 


LETTER FROM THE DEPARTMENT OF WATER RESOURCES, CALIFORNIA 


SACRAMENTO, April 25, 1958. 
Hon. CLINTON P. ANDERSON, 
Chairman, Subcommittee on Irrigation and Reclamation, 
United States Senate Committee on Interior and Insular Affairs, 
Senate Office Building, Washington, D.C. 
DEAR SENATOR ANDERSON: Transmitted herewith is a copy of Assembly Joint 
Resolution No. 11, introduced by Assemblyman Jack Beaver of San Bernardino 
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and passed by the Legislature of the State of California, pertaining to coopera- 
tion by the State with the Federal Government in saline water conversion 
research and operation of demonstration plants. We hope that the action of 
the California State Legislature will be of interest to you and your committee 
in considering the Federal program. 
Sincerely, 
Harvey O. Banks, Director. 


RELATIVE TO CONSTRUCTION OF A SALT WATER CONVERSION DEMONSTRATION PLANT 


Whereas the United States Department of the Interior has been conduct- 
ing research and studies in the field of conversion of sea water; and 

Whereas the Departmentof Water Resources of the State of California and 
the University of California are pursuing programs of investigation and study 
of sea water conversion ; and 

Whereas it is recognized that the development of a practical process for con- 
version of sea water would result in large savings to federal, state, and local 
agencies and have a beneficial effect on the economy of the Nation and the 
State; and 

Whereas several bills have been introduced in Congress including H. R. 
10606, H. R. 11405, and H. J. Res. 541 authorizing the Secretary of the Interior 
to enter into an agreement with the State of California providing for the 
construction and operation of a full-scale salt water conversion plant in Cali- 
fornia on a cooperative basis; and 

Whereas the construction and operation of a demonstration plant is essential 
to the development of reliable design criteria and cost data; and 

Whereas construction and operation of a demonstration plant in California 
would be beneficial to this State; and 

Whereas committees of the Congress are holding hearings on bills authoriz- 
ing construction and operation of such demonstration plants; now, therefore, 
be it 

Resolved by the Assembly and Senate of the State of California, jointly, 
That it is the intent of the Legislature of California to cooperate financially 
and otherwise with the Federal Government in developing processes for saline 
water conversion including the construction and operation of demonstration 
plants, and to coordinate the programs of the State in the field of sea water con- 
version with the programs of agencies of the Federal Government; and be it 
further 

Resolwed, That Mr. Harvey O. Banks, Director of Water Resources, shall 
appear before appropriate committees of Congress to present the views of the 
State of California as expressed herein ; and be it further 

Resolved, That the Legislature of the State of California respectfully memori- 
alizes the Congress of the United States to authorize the Secretary of the 
Interior to construct a full-scale salt water conversion demonstration plant 
in California in cooperation with the State of California; and be it further 

Resolved, That the Chief Clerk of the Assembly be hereby directed to transmit 
eopies of this resolution to the President and Vice President of the United 
States, to the Speaker of the House of Representatives, and to each Senator 
and Representative from California in the Congress of the United States. 


LETTER FroM OscAR CHAPMAN 


CHAPMAN, WOLFSOHN & FRIEDMAN, 
Washington, D. C., March 25, 1958. 
Hon. CLINTON P. ANDERSON, 
Chairman, Subcommittee on Irrigation and Reclamation, 
United States Senate, Senate Office Building, Washington, D.C. 

Dear CurntT: I regret that an out-of-town engagement deprived me of an oppor- 
tunity to appear last week in support of the implementation of the saline water 
program in the Department of the Interior as proposed in your Senate Joint 
Resolution 135 and S. 3370, sponsored by Senator Case, of South Dakota. 

The saline water conversion program, which was gotten under way in 1952, 
when I was Secretary of the Interior, was a nonpartisan approach to a phase 
of the national water problem that compares in importance with President Theo- 
dore Roosevelt’s support of the reclamation law, sponsored by Senator Francis 





: 
; 


SALINE WATER CONVERSION 227 


G. Newlands, of Nevada, in 1902. It was reassuring to read in press reports of 
the active participation in the hearings of Senator Kuchel, of California, and 
that Senator Knowland, the Republican leader of the Senate, had sent a letter 
endorsing your proposed program. The saline water approach should be kept on 
a nonpartisan basis as I know you intend to do. 

It is good to see that Representative Clair Engle, of California, is taking the 
leadership in the House in behalf of a truly effective saline water program. He 
was largely instrumental in that body in getting the program off the ground in 
1952. The interest shown by his colleagues—Representatives Roosevelt, Holi- 
field, King, and Wilson, of California, who have sponsored companion measures 
in the House, is gratifying. 

There is a growing need for water for domestic and industrial purposes. Ever- 
increasing population is a major, but only one, factor in this demand. The sim- 
ple fact is that the boundary of the semiarid area is moving eastward and thus 
we have startingly become aware in the last several years that water is a prob- 
lem not lone in the West, but also in the eastern half of the country. 

Looking ahead in the water situation is thus, I would think, not merely de- 
sirable but essential and practically mandatory on the leaders of our Nation. 

My suggestion to you and the other sponsors of an action program is to au- 
thorize demonstration plants of adequate capacity at 1, 2, or 3 points on the 
California, gulf, or Atlantic coasts for desalting sea water. At the same time, 
a comparable number of demonstration plants for the treatment of brackish 
water in the Great Plains and other areas should be authorized. These plants 
need not be of maximum capacity, but certainly should be beyond the pilot plant 
stage. After 5 years of preparatory work, we must certainly be at a point where 
our professional experts and industrialists are in a position to engineer demon- 
stration plants in both fields that will achieve results. 

Please accept my congratulations on your leadership in this and other fields, 
a leadership which is most inspiring. 

With best wishes, 

Sincerely, 
OscaR CHAPMAN. 


UNITED STATES SENATE, 
Washington, D. C., April 2, 1958. 
Mr. OscaR CHAPMAN, 
Chapman, Wolfsohn & Friedman, 
Pennsylvania Building, Washington, D. C. 

DEAR Oscar: I was happy to have your letter of March 25. I am sorry you 
could not attend the hearings on the saline water bill. We hope to get it reported 
soon so that we may have action on it during this session. 

I appreciate having your observations and the kind remarks in your letter. 

Sincerely yours, 
CLINTON P. ANDERSON. 

Senator Case. If there is nothing further, the committee stand 

: ; es Ss 
adjourned. 
(Whereupon, at 3: 45 p. m., the committee adjourned. ) 
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